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MESSAGE 



THE PRESIDENT OF THE UmXED STATES, 



Report of the "Paris Universal E.rposilion." 



January 28, 1868.— Referred ki the Committee of Ways and Means and ordered to be 
printed. 

March 38, 1868.— Kesoiped, That there l)e printed of the report of Abram S. Hewitt, 
CommiaBioner to tbe Parla Exposition, eiglit thousand extra copies, six tbousanii for the use 
of the House and two thoosand for the use of the State Department. 



To the House of Representatives of the United States: 

In answer to a resolution of the House of Representatives of the 22d instant,, 
calling for a copy of the rqiort of Abram 9. Hewitt, Oommiasioner of the United' 
States to the Paris Universal Exhibition of 1867, I transmit a report from the- 
Secretary of State, and the papers which ^'^'^^P^^'^^Jj^^^ JOHNSON. 

Washinoton, January S7, 1868. 



Depaktmknt of State, 

Washington, January 27, 1868. 

The Secretary of State, to whom was referred the resolution of the House of 
Repreaentatives of the a2d instant, calling for a copy of the report of Abram 8. 
Hewitt, commissioner from the United States to the Paris Exposition of 1867, 
has the honor to lay before the President the report called for, the subject of 
■whichis "The production of iron and steel in its economic and social relations," 
and which is in two sections. It is accompanied by appendices lettered from 
A to H, inclusive.* 

Be.pectt«ll, ..bmitted: WILLIAM H. SEWAED. 



The President. 



* Appendices E and G are omitted in this report. 
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PARIS UNIVEESAL EXPOSITION. 



KEPOBT. 



The undersigned haa tie honor to submit to the Secretary of State the fol- 
lowing report on "The production of iron and steel, in its economic and social 
relations " : 

SECTIOS I. 

Tn the genern! arrangement of the Universal Exposition of 1 867, iron and 
ateel, as products of industiy, were placed in the fortieth class of the fifth group. 
In the distribution of the work of the commission of the United States.made in 
conformity with the directions of the Secretary of State, a committee was con- 
stituted on " Metallurgy and the extractive arts in general," and to this com- 
mittee was Buhsequently assigned, by resolution of the commission, the dnty of 
reporting on " Minerals as raw materials in the economic arts." The committee 
consisted of Commissioners Hewitt, D'Aligny, and J. P. Leslie. To Oornmis- 
Bioner Leslie was assigned the task of reporting upon " Mining machinery and 
processes of mining;" to Commissioner D'Aligny, on " Minerals, as raw materials 
in the economic arts, and on the metallurgy of the precious metala ;" and to 
Commissioner Hewitt "On the prodaction of iron and steel in its economic and 
social relations." 

In the preparation of this report, in order to bring it within reasonable limits, 
the general principle has been adopted of attempting only to describe specimens 
of material, machinery, and processes of manufacture, which differ substantially 
•from the experience of the United States ; thus presenting, as far as practicable, 
apurely diffecential report upon the iron and steel of the Exposition. The neces- 
sity for this course will be apparent from the mere statement that the catalogue 
■of class forty includes 2,305 entries, of which the far larger portion are produced 
in the United States of equal quality, and by processes equally economical. The 
■exhibition of the United States, however, was of so meagi-e a character that 
foreigners, judging from the lessons of the Exposition, would have come to the 
■inevitable ccmelusion that the iron and steel industry of the United States ia 
not entitled to the rank which it undoubtedly occupies in the metallic production 
.of the world. The various ores mainly used in the manufacture of iron in the 
United States, were indeed to be found among the minerals exhibited from the 
primitive regiona of Lake Siipenor, New York, and New Jersey, while the 
■brown bematitea of Connecticut, Pennsylvania, and Alabama, together with the 
red fosailiferoue ore of Tennessee and Alabama, and a brochure published by 
Mr. Hainea, agent of the State of Alabama, were sufficient to call attention to 
the unequalled resources of the United States for the foundation of aa iron in- 
dusti-y which, under equal conditions as to the price of labor, would soon be in 
advance of that any of other nation whatsoever, A single piece of spathic ore, 
from Connecticut, and a few pieces of franklinite, from New Jersey, alone served 
to indicate the possession of the indiapenaable material upon which the production 
,of Bessemer steel, as at present practiced, is based. A few pieces of pig iron 
from Lake Superior, from Wisconsin, Ohio, aud Alabama, and some inconsider- 
able specimens of wrought iron, made from the Lake Superior and the Alabama 
pig, were the sole indications of an annual production of more than a million 
tons of iron. The only proof of the existence of any manufacture of steel in the 
United States was contained in a case of very beautiful specimens contributed 
by Park Brotheta & Co., of Pittsburg, for which they received a silver medal. 
There was no evidence in the Exposition of our large and increasing product of 
bar iron, of the rolled girders — in the manufacture of which we preceded the 
world — of the cat nails, of which we enjoy almost a monopoly, and of the in- 
finite variety of wrought and cast iron, in the skilful production of which we are 
not sui-passed by the most advanced nations of Europe. On the other hand, 
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there waa a marked superiority in the products of the European makers dosigned 
for uses i-equiring difficult shapes — a requirement met ia our country either hy 
welding or riveting pieces together, and which, in Europe, at the present time, 
Beems to be almost universally supplied by material of such admirable quality, 
as to admit of being forged or pressed into the most intricate and unusual forms. 
Such articles as deeply-dished boiler heads, steam domes, tube sheets, and even 
culinary vessels of every form and variety, and many other articles of fancy, 
designed merely as tours deforce, such as cocked hats, and series of sijuare 
domes raised from a flat plate, were exhibited, made from a single piece without 
weld or joint. Nor was this evidence of peculiar excellence confined to any one 
country. In France the works at Le Creusot, Chatillon, and Commentry, and 
those of Messrs. Petin Gaudet & Co, ; in England, the Bowling and Low Moor 
Works, and those of the Earl of Dudley ; in Prussia the works of A, Borsig, 
near Berlin, and of Hoerde; and in Austria the imperial works at Neuberg, may 
be enumerated, among others, as having exhibited material of such remarkable 
quality as to open an entirely new field for the application of iron and steel. 

Again, there was unmistakable evidence in the Exposition of the readiness of 
the European ironmasters to grapple with difficulties in the way of rolling 
shapes fro«i which at present the American maker would shrink. For example, 
Messrs. Petin Gaudet & Co. (France) exhibited a rolled beam of the depth of 
1 metre, {39| inches,) in length, 9.73 metres, (over 33 feet,) and weighuig 3j 
tons. They also exhibited another beam weighing 2.3 tons, 12 inches m height, 
and over J06 feet in length. The works of Chattilon and Commentry exhibited 
a beam 43^ inches in height, and witli a 12-inch flange, but of very moderate 
length; but another beam was exhibited, about 100 feet in length, 9 inehes 
high, weighing about fifteen hundred weight. The Burbgch (Prussian) works 
exhibited a rolled beam 47 feet long and 15 inches in height. A careful obser- 
vation, however, of the various structures in process of erection on the Conti- 
nent, failed to show that these remarkable specimens of rolling had yet been 
brought within such limits of cost as to admit of their use in building. In the 
Exposition building itself, no rolled beams were to be found of a greater depth 
than 9 inehes, and in the innumerable buildings wbich are being erected in Pans, 
and in which iron beams are invariably employed to the exclusion of wood, 4 
inches, 6 inches, and 7 inches are the dimensions most generaUy employed. 
Thus far the construction of a fire-proof building in the United States is accom- 
piiahed with less pounds of iron for agiven strain per square foot than in France, 
and we have nothing to learn from- the Exposition in this respect. But now 
that it has been found possible to produce beams of such large dimensions by 
the simple process of rolling, it is but reasonable to expect that the cost will be 
reduced as experience is gained, and that they will gradually replace the riveted 
girders, which even in the Palace of the Louvre are invariably employed for 
spans of any considerable extent. It is proper, however, to call the attention 
of our American makers of rolled beams to the extraordinary specimens which 
we have described, and which it is understood are produced by tlie wd of the 
"universal rolling mill." Of this two forms were on exhibition, one «i the 
pavilion of Chatillon (France) and the other in the Austrian depai-tment. Ihe 
latter consists of four rolls, in two pairs, working at right angles to each other, 
a description of which, illustrated by engravings, can be found m Oolburn s 
Journal (Engineering) for May 24, 1867. Of the mill at Petin Gaudet & Co. s 
no model was exhibited and no description of it. was given in the documents 
furnished to the commission. e . -n 

By a personal visit to the works, however, the construction of the mill was 
seen to be very simple, and not remai-kablo for novelty. For each size of beam 
there is a pair of rolls, each having a working face at the middle of its length 
equal in width to the depth of the beam. The diameter of the roll at this 
part is very large, say 3 feet 6 inches, the body of the roll for the rest of its 
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length being about 92 inches diameter,. This fDrmation of the rolls leaves a 
considerable space between the two except where the working faces come 
together. In this open space is placed a pair of rollers, working on vertical 
axes fixed in stout movable frames, by which they can be brought into juxta- 
position with that portion of the horizontal rolls which is of largest diameter. 
The pile used is somewhat thinner than the width of the flange to be produced, 
and of a width somewhat greater than the depth of the beam, and is so made 
up as to conform roughly to the final shape of the girder. As the main rolls 
are brought together, and form the trough in the beam, the fiiction rollers at the 
sides are also pressed towards the centime, and tend by the pressure which they 
exert to extend the flanges at the same time that the web is being drawn out by 
the main rolls. An offset is turned in the eide of the large portion of the rolla 
to receive and form propeily the flange aa it is extended by the pressure of the 
friction rolls. The latter are worked each by a screw in a horizontal frame 
bolted to the side of the housing, the screw being provided with a ratchet lever, 
to be worked byJiand, This enables the thickness of the flanges to be tidjusted 
with precision. With this mill they have roiled girders of 40 inches height, 33 
feet long, and feel confident that they could make them 90 feet in length. The 
essential features of this mill were all to be found in the first trainifor rolling 
beams erected in 1853 at the Trenton Works, New Jersey, but ia that case the 
axes of the driven rolls and of the friction rolls were at right angles to the mill 
of Petin Gandet & Co., which is probably a better working arrangement than 
the old traiE at Trenton. The Universal mill is not yet iutrodnced into 
England, Ijwt forms the subject of an tlnglish patent now expired, and is 
undonbtedly destined to fill a very important place in the rolling of iron, and 
the American iron-ipaster cannot too soon avail of its advantages before imped- 
iments ebail be put in its way by the issue of American patents. 

Next to rolled girders, or perhaps even mbre remarkable than these, were the 
specimens of plate iron contributed from England, France, Germany, and Bel- 

fiura. John Brown & Co., of Sheffield, exhibited a plate which, after being 
reesed up to square edges aiid ends, was 30 feet in length, 2 feet 6 inches in 
width, and 6 inches thick, weighing J 1 tons 5 hundred-weight ; and also a piece 
of a plate which ia its original condition was 13 feet long, 6 feet wide, 13j 
inches thick, and weighed 20 tors. 

For the production of these enormous masses of iron the machinery ia of the 
ordinary kind in construction, but of dimensions proportionate to the mass of 
iron to be handled. The size of the rolls is 3 feet, and the handling of the iron 
is aecomplisfaed with facility by the aid of ateam cranes and of iron chains 
winding upon the rolls themselves, which are reversible by a ciutch gearing, 
and make about twenty revolutions per minute. 

Other plates of 6 inches in thickness and of varioua weights np to 5 tons 
were exhibited by the Works of Chatillon and of Mesara. Petin Gaudet & Co., 
prance,) and of Hoerde, (Prussia.) 

Generally there may be said to exist a prevailing willingness and practice in 
Sie European works to handle iron in larger masses for every purpose than 
we do ia the United States, For example, Belgium exhibited band iron three- 
fourths inches wide by 230 feet in length ; Prussia exhibited sheet iron of 31J 
gauge, 48 by lOSincbea, aud wire rods are fiequently to be found in all the 
departments ranging from 30 to 50 pounds in weight, rolled in trains of the 
ordinary dimensions, and running at speeds no greater than we employ in the 
Uriiled States, for 15 pound billets. This is accomplished by keeping the billet 
in many more grooves at the same time than we are ia the habit of doing, by 
an ingenious aystem of doubling the rods backwards and forwards. This same 
method is employed at Montataire, in France, and at other works for rolling 
braziers' rods, and even bar iron ; and this not from the necessities "of the order, 
but from choice, as a matter of economy. In this way one-inch bars of 100 
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feet in length are regularly produced, and this ayatein, unknown in the United 
Stfitee, ean douhtless be iatroduced with great advantage. 

But the most remarkable specimen of rolling was iu the English depiirtment, 
exhibited hy Richard Johnson & Nephew, of Manchester, in the shape of a 
coil of No. 3 wire rods, weighing 381 ponnds, in length 530 yards, rolled from 
a single billet. Also a coil of No, 8 wire weighing 300 ponnds, 900 yards iu 
length, and a cnil of No, 11 wire weighing 95 ponads, ia length 790 yards. 
These wonderJul specimens of wire were not, however, produced in an ordinary 
mill, but were rolled in a machine invented by George Bedson, the maoager of 
the Bradford iron works, in Manchester. This machine consists of rolls ia 
thirteea pairs, placed one behind the other, instead of side by side, as usual, with 
guides couneeting ttie successive psurs of rolls, and revolving at such relative 
rates of speed that the billot being rolled receives the compressing action of the 
rolls all at the same time. The billet is fed from a long feeding furnace at one 
end of the train of rolls, being charged at the end of the furnace furthest from 
the train. A Siemeu'a generator is used to supply the furnace with gas, so as 
to insure a uniform heat. The average product of the train is eleven tons per 
day, and the weight of the billets usually roiled is from 80 to 100 pounds. A 
comparison of the work for six months, with two old-fashioned trains also run- 
ning in the same works, shows that the waste is reduced from ten and one-half 
per cent, to six and nine-tenths per cent., and that the consumption of coal is re- 
duced from fourteen hundred- weight, three-quarters, twenty-five pounds, to eight 
hundred- weight, and eighteen pounds per ton, most of which saving is doubt- 
less due to the use of Siemen's furnace, and not to the train ; the advan- 
tages of the latter consisting in an increase of product of nearly one-half in the 
increased weight of the billets rolled, and in the economy of the labor employed. 
A personal visit was made to the Bradford iron works, to see the operation of this 
ingenious and successful machine. It appears to be all that could be desired, and 
the action of the rolls upon the iron unquestionably produces a sounder and 
better rod than when worked by the old process, and this is due doubtless to the 
higher and more uniform heat at which the rod is finished,* 

In the use of wire for telegraphic purposes, for wire suspension bridges, an 
for cables and ropes, the superior value of long lengths is undeniable. Bed- 
son's machine has therefore the double merit of producing a better article, at a 
lower cost, than haa hithertoheea obtained ; and it is a matter of regret to those 
who have become familiar with its novelty and its merits, that it received only 
the recognition of a silver medal, when it so justly deserved the highest prize. 
. Borsig, of Berlin, exhibited remarkable specimens of gigantic puddle balls, a 
single one weighing 1,064 kilograms, (more than a ton) and he also exhibited 
a wrought iron piston without a weld, weighing 590 kilograms, {nearly twelve 
hundred-weight.) These are not mere tours de furoe, aa lie is prepared to take 
orders at a price which renders it economicsl to employ his product. 

In connection with the large masses of iron with which, as demonstrated in 
the Exposition, modern industry so much occupies itself, it is proper to refer to 
the crank shafts exhibited by Messre. Marret frferes, of 'Gier, (France.) Of 
these one has threecranks placed 130° apart, and has a length of nearly forty 
feet, the weight being 30,180 kilogi-ams, or about thirty tons. Another is a 
four throw crank, say twenty -seven feet in length and twelve inches in diameter. 

Among the new applications of iron exhibited in the Exposition are the weld- 
less bands made at the Bowling and Low Moor works,f (England,) ^employed 
for uniting the cylindrical sections of steam boilers, covering. the joints and 
Btrongly riveted on each side thereof, so not merely as to make a firm union, 
but greatly to stiffen the boiler when finished. The Bowling ring has a cross 

* The same pvificiple has been since aaeeessftlHr applied to the rolling of bar iron. 
t For a description of the process of making iron at Low Moor, Bowling, sad Farnley, 
the reader ia refwred (o " Petey's Metallurgy of Iron auii Steel," page TK, 
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section like the letter U, with wiile flanges, and aeems better adapted to atifFen 
tiie boiler or flue, and to allow of expansion and contraction, than the flat ring 
made by the Low Moor works. 

The one on exhibition is seven inches in total width, three-eighths thick, the 
arch in the middle rises two inches, and the width of the flangea istwo and one- 
half inchea. Those bands would appear to he thoroughly well adapted to their 
purpose, and worthy of immediate adoption in our country. 



In east atee!, by whatsoever process produced, the same tending to large masses 
and difftcult shapes was to bo remarked. In advance of all other makers, the 
specimiana exhibited by Krupp, of Essen, (Prussia,) were worthy of the highest 
admiration. The largest single piece of cast steel was a cylindrical ingot 
forged at one end into an octagonal ahape, 56 inches in diameter, and weighing 
40 tons. The grain of this ingot was exposed by the fracture of the forged 
end, and was uncommonly unifoim and free from air bubbles. A piece had 3so 
been cat from the portion not forged, which showed at the place of friietnre an 
equally uniform grain. 

At the English exhibition of 1851, a cast steel ingot exhibited by Krnpp, 
weighing two and a quarter tons, caused more astouishment than the ingot we 
have just described, becanae the world has become familiar with metallic 
masses of enormous size, but the progress made in sixteen years in the produc- 
tion of cast steel is none the leas marvellous, eapecially if considered in con- 
nection with the machinery necessary to produce and work the ponderous ingots 
into shape, and the organization of the labor and skill required for their foranatioa. 

The establishment of Krupp occupies about 450 acres, of which one-fourtli 
are under roof. ITie number of men employed in the works is 8,000, beaidea 
which 2,000 more are employed in the coal mines, at the blast furnaces, and at 
the ore mines. The production of these works in 1866 was 61,000 tons, more 
than the entire production of cast steel in the world at the time of the first En- 
glish exhibition. The value of this product was over 3S10,OCO,000 in currency. 
It was accomplished by means of 413 smelting, reverberatory, and cementing 
furnaces, 195 ateam engines, ranging from 2 to 1,000 hoi'se-power, 49 steam 
hammers, in the largest of which the hammer block weighs 50 tons, 110 smiths' 
forgei, 318 lathea, 111 planing machines, 61 cutting and ahaping machines, 
75 grinding machines, 26 special tools, 1,000 tons of coal are consumed daOy 
in the manufacture of steel alone, and 120 steam boilers are in use evaporating 
150,000 cubic feet of water daily. Fifteen miles of rail are laid in the works 
alone, and 6 locomotives and 150 cars are required for ite use within the limits 
of the establishment. 

In order to appreciate the eminent justice with which the grand prize of the 
Exposition was bestowed upon Frederick Krupp, it is not merely necessary to 
study these marvelous figures but to consider that this establishment, by far the 
most extensive ever produced by the energy of man, and these pi-oeesaea, the 
most difficult ever attempted by his ingenuity, are the offepiing of a single life, 
begun ahnoet by the side of his father's humble forge, and rising through the 
various stages of poverty, trial, discouragement, and final success, to the very 
front of the industrial achievements of the world. Such an establishment, such 
results, and such a man, have special interest for the United States, where the 
natural resources of the country, the rapid progress of population and civili- 
zation, and the genius of our free institutions, all invite a generous emulation in 
order to eqiial, and in the course of time even to surpass these magnificent 
achievements, which, if Krupp, the great captain of modem industry, had not 
lived in our day and generation, might well have been deemed impossible. 

Among tJie other remai-kable specimens .exhibited by Krupp is a cast-steel 
■ tyre, rolled without weld, eight feet in diameter.a cast-steel axle of crucible steel, 
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wilt oaat-Bieel d»e wheel., neither foigea ner lelleJ, bot e.st direelily into .h.pe, 
weinhing 1,633 pounde; a eaat-atoel leeomotive cranlt axle, witli CMt-steel 
whil. I feet in diameter, migting 3 ton. 13 hundred TOght ; a ca.t-steel 
innetion ring of angular section, tor uniting the eounea of .leam bmlei-i, made 
wilhont weld, 8 feet in diameter, weighing 483 pounds ; a eaat-ateel double eranli 
ehatt for n .crew .teamer, 2.5 feel long, U inches in diameter, weighing (hmahed) 
9* tons ! forged under the .-iO-ton hammer fr,>m an ingot originally weighing II 
tons And this is a proper place to note that caet-.teel crank shafts appear to 
be ciming into general use, not merely for locomotive and at.t.on.ry engme. 
but for the maeaiTe marine engine, which are required for the steamers devoted 
to the buainesa of t/anaatlantie navigatiop. The experience with those eaat-steel 
orank shafts fdr marine engines does not appear to be sufficiently eileneive to 
waitant any positive opinion aa to the comparative value of oast steel and iron 
for the purno.e, and it is possible that in ease, whore great re.istanc. to torsion 
is reqnired,iron will maintain its place. In any event the attention of engmeers 
Laa been ao called to thia subject by the Exposition, that we may expect aoon to 
Lave all doubts on this important subject removed. 

The most striking object, however, in Krupp's exhibition, was the caststoel 
thousanipounder rilled breech.loading gun, resting on a ca.tsteel eamage, in- 
tended for the arming of coaat batteries for the deetructmn of iron.plated ahip.. 
It eonaists of an inner tube, upon which are shrank cast steel nngs. X hii tube 
was forged under the SO.ton hammer, from an ingot weighmg forty and one- 
fourth tons, but reduced in the process of manifacturo to twenty tons by the loss 
of the sinking head, and by forging, turning and boring The ca.t.steel ring, 
are throe in number at the powder chamber, and two m number towards the 
mu^de portion of the gun. These ring, weigh thirty tonsin the aggregate, md 
wore each manufactured from an ingot without welding. The total weight of 
the gun ia 50 tons, the diameter of tie bore i. 14 inches, and the l»tal length ol 
the gun is 210 inches. It ha. 40 rifle grooves, in depth .15 inch, ,md tlie 
twist of the rifling diminiahes from one turn in 980 inches to one turn in 1,014.4 
inches; th.weighto(the.olidahoti»l,212pounds,andotth.shelll,080poiinds, 
and the weight of the latter is made up of the east-steel shell, 831 pounds, the lead 
iaoket, 220 pound., and the bunting charge, 17 pounds ; the charge of powder 
for the gun is from 110 to 130 pounds. The cannon repose, upon a steel car- 
riage wlighing hfteen tons, auf the two togetlier work upon a turn^bl. wmgh- 
twSntv-«ve tons. The turn-table was not exhibited for want of apace, but it 
was stated that the gun-carriase ahdes smoothly upon the turn-table to the 
cheeka at the backitoya at each diachargo of the gun, and that two men can 
omelily and easily elevate, depres., and turn th. gun ao aa to lollow and cover 
iith apoed and certainty any vea.el in motion. The price of the gun whieh is 
understood to have been made forth. Eusaian government, i.^eiJTOO sterling, 
and of the carnage and turn-table ,86,000, being about |1.M,000 m currency. 
Sixteen months of unremitted labor, by day and night, were expended upon it. 
manufacture, and it. transportation from the work, to the Exposition required 
"ear made entirely of ateel and iron weighing twenty-four ton., resting upon 

'"it'fom.'no'nart of the purpo.o of thi. report to iu.tituie a comparison be- 
tween diJerent system, of ordnance, or even to undertake to decide the relative 
value of ca.t and wrought iron and ateel, for the manufacture of guns, but it la. 
W deemed beat to gife a som.wbat .l.bor.tj description of this ™— ' 'E* 
of war, in order to indicate the possibilities of construction m its most d.llcii 
mid eipensiv. form, in ease eiperienee should show that such weapons will 
hereafter be reoulred in our own country. In this connection a compariaon with 
SteSat'gunrprodneed in Engla.d'will be of interest. Si, William A,, 
strong Shibit. a 12i-ton 9-inch mu.de-loading rifled gun, con.tiwted on 1 e 
coil principle, and mounted on a wrought-iron carnage and slide, the weight ot 
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the projectile ia 250 pourn^s and the charge of powder 43 pounds. This gTin ia 
beautifuliy made, and ia noteworthy from the fact that the compression for check- 
ing the recoil is wholly of iron, and is thrown in and oat of action by a lever- 
handle, which is self-acting if neglected. The gnn is designed for use on ship- 
board. The largest Whitworth gan exhibited is a 150-pounder, and is coaatrueted 
exclusively of mild steel, wrought into tubes, which are forced into each other by 
hydraulic pressure. But to as the most interesting gun is the 9-iuch Paliser 
gun, made by easting an exterior coating of iron around an interior barrel of 
wrought- iron, constructed on the coil principle. This gun cafries a projectile of 
250 pounds, and if in practice it should, be found to have substantial advantages 
over our cast-iron guns, it suggests a method by which we may apply the prin- 
ciple to the reconstruction of the Jarg^ number of cast-iron guns which have 
been accumulated during the last few years. The gun now manufactured by 
the British war department, at Woolwich, consists of a cast-steel tubcj upon 
which rings of fibrous wrought iron, made upon the coil principle, are built up, 
and the specimen exhibited was a 12-inch muzzle-loader, weighing 470 hundred- 
weight, length of bore 145 inches, having 9 grooves, each Ij inch wide and .2 
inch in depth, the spiral increasing from one turn in 1,200 to one tnin in 600 
The weight of the charge of powder is 70 pounds, and of the projeailo 600 
pounds. 

The only other gun requiring notice was a coiled steel gun, m^de by Petin, 
Gaudet & Co., weighing sixteen tous, and intended to throw a projpctile of 
three hundred pounds in weight ; but it was quite evident that the manufactuie 
of steel and wrought-iron guns in France is still in its infancy, and there 
would seem to be the same uncertainty in regard to their value as prt!^dlla in 
the United States. But there would seem to be no doubt that withm eettain 
limila of size, and perhaps for all sizes of field-pieces, cast steel is regarded 
as the best material, and Krupp has already produced more than 3 oOO cast- 
steel guns, mostly rifled breech-loadera, and at the present time has oideis in 
hand for immediate delivery of 2,200 guns, ranging from fonr-ponaders to three 
hundred-pounders. Not much accurate information is to be procuied lu regaid 
to the. endurance of the larger-sized guns, but Ki-upp exhibited a at t 1 
rifled four-pounder breecb-Ioading gun, belonging to the Prussian w d j t- 
ment, which had been fired several hundred times, with gradually 
charges up to three and three- quarters pounds of powder and one h d d a d 
twenty-two ponnda of shot, without the slightest appearance of inj y 

Although no evidence was afforded by the Expgsition of the sub t tut n f 
cast steel for cast-iron shot in the French service, my visits to the F h n 
works seemed to show coaclnaively that such is the case, as all the 1 g t b 
lishments were actively engaged in the manufacture of cast-steel ml f U 
sizes, but more especially of the larger calibre ; and whatever the f t m y b 
it is quite evident that cast steel is regarded by French military „ ee aa 
superior to aJI other materials where penetration is required. 

Krupp also exhibited a cast-steel rail fifty feet in length and bent double, cold, 
in the middle, without fracture. His engineer in the Exposition stated that 
their annual product of rails was about> thirty thousand tons, and that no Bes- 
semer steel was employed in their construction. In the absence of a personal 
visit to the works, we are bound to accept this statement as true, although it is 
stated on good authority that as many as nine pairs of converters are constantly 
employed at the works in the production of Bessemer steel, and there seems 
to be an impression that the tyres latterly produced at Essen are not quite equal 
in quality to the i-emarkable material which was at first employed for this pur- 
pose. This may be only the result of rival representations, and it is undeniable 
that up to the present time Krupp maintains his pre-eminence in the manufac- 
ture of locomotive tyres, and is probably justified in tbe iclaim which he n 
that his crucible cast-steel coils are superior to those made from E 



.y Google 



PARIS UNIVERSAL EXPOSITION. 9 

metal. In the year 1865 the sale of cast-steel tyrea araouiited to 11,396 aete, 
and the guarantee of their endurance given by Krupp is that they will run 400 
kilometres for each kilogramme of weight, (equivalent to 125 miles per pound ;) 
that is to say, a tyre weighing 600 pounds ia guaranteed to nm 75,000 miles, but 
their actual performance as a general rule shows a much higher endarance. 
The results with these tyres and those of other makers — such as Naylor, Vick- 
ere & Co., Firth & Sons, the Boehum Company, Petin, G-audet & Co., the 
Bowling Company, and the Monk Bridge Company, and other respectable 
makers, would seem to justify the broad statement that the day for iron loco- 
motive tyres has passed by, and that it is far more economical, if not more safe, to 
substitute cast-steel tyres in every case. The same conclusion cannot j^et be 
affirmed of rails, because the interest account, of hut little consequence in the 
case of the tyre, becomes a veiry aerioijB, and, indeed, controlling element in the 
caae of rails. It may be stated, however, that in all caaea where iron rails wear 
out in consequence of hard service within the limits of duration aaaigaed to a 
steel tyre, it is quite as economical to use steel rails in lieu of iron ones as it ia 
to use steel Iq lieu of iron tyres. But, assuming the cost of cast-steel rails to 
be double that of good iron rails, it ia quite evident that there must be a limit in 
the duration of iron rails beyond which it will not pay to substitute cast steel. 
This calculation is one which must be made hy each consumer for himself, with 
refei-ence to the available capital at hia disposal ; but it ia safe to declare that 
on all roada where the iron rail has an average life of ten years it would not be 
proiitabie tn substitute cast-steel rails, and so long aa the average rate of 
interest paid by railroad companies in the United States amounts to eight per 
cent, per annum it would be found expedient considerably to reduce the limit 
of ten years above assumed for the duration of iron rails before the substitu- 
tion of steelraila could be justified on grounda of economy. Even in England, 
where capital ia auperahuadant and the rate of interest on long obligationa not 
over five per cent., and the traffic per mile of very large dimensions, requiring, 
as a general mie, the renewal of iron rails in seven years, cast-ateel rails have 
thus far not been very extensively introduced j and even on the London and 
Morthwestern railway, which owns a mill devoted expressly to their manufac- 
ture from Bessemer ateel, and which, from its enormous traffic, has every induce- 
ment to make its road as permanent as possible, the money question seems to 
check the use of cait-ateel raila upon any very extended scale. And yet the 
necessity of more durable rails than those generally in use is so apparent that 
any attempt to secure greater durability without much additional cost is 
regarded with great interest, and hence in the Exposition there wore many 
specimens, and from all the leading nations, of iron, rails with xteel heads. In 
some cases the material employed fur the head was puddled ateei, in others 
cast steel, and in otheis Bessemer steel. It seemed to be generally admitted 
that the durability of the steel in the head was in nowise impaired by its bemg 
pkced upon a cushion or bed of wrought iron, but the great difficulty appeai-ed 
to be in securing a thorough union or weld between the two kinds of metal. In 
the Auatrian department, where some admirable apecimens of steel-beaded raila 
were exhibited, from the Neuburg Works, the engineer, in charge stated that 
nine per cent, of the heads failed in the weld during the first year, but that sub- ' 
sequently no failures occurred, and that even with this amount of loss the rails 
were regarded as cheaper than either steel or iron. At Crewe, where the works 
of the London and Northwestern Company are situated, and where a considerable 
quantity of Bessemer steel-headed rails have been made, it was stated that 
some difficulty had been found at first in making a reliable weld of the 
steel to the wrought iron, and that as many as five per cent, of the rails first 
made had failed in consequence of the loosening of the steel top ; hut aa expe- 
rience was acquired in the manufacture this difficulty had disappeared, and the 
percentage of loss had been reduced mateiially. The practice at Crewe ia to 



.y Google 



10 PARIS UNIVERSAL EXPOSITION. 

place a bar of soft pudclled iron between the steel of the top' and the o!d rails 
used in the lower part of the rail, and as a further protection the ateel for the 
Lead is roiled in the form of a channel bar, with riha ia the recessed portion 
so as to fold around and embrace, as. it were, the head of the rail. Oonsidern- 
hle experience has already been acquired in the United States as to the feaai- 
bilitj of making a sufficiently good junction between the iron and ateel for a 
durable rail, and it may be confidently aifirmed that there ia no practical diffi- 
culty in the way of making an iron rail with a steel head, whether of pnddled, 
Bessemer or cast metal, that will meet all the reasonable requirements of the 
case, and reduce the failures to less than one per cent. The cost of steel- 
headed rails is, of course, intermediate between that of all iron and that of all 
steel rails, and the system possesses the great advantage of rendering all the 
old rails available for re-manufactnre, and of thus renewing the tracks with a 
bearing surface of steel by gradual steps, and with a very moderate inoreaae of 
cost. On the London and Northwestern railway, which has had the most ex- 
perience in the nae of Bessemer and steel-headed rails, experience seems to 
show that the steel headed rails possess all the requii-ements in point of cost 
and durability for their general introdnction on the line, and the conclusion is 
iiTesistible in my own mind, after a careful study of the specimens in the Ex- 
position, that the steel-headed rail will ultimately prevail over all other kinds 
of rails now known, and that in the United States the facilities for their manu- 
facture are unusually favorable. It is a question in what manner the steel 
shall be made for the heads, and this point wilt be discussed when we come to 
speak of processes, and it is enough to state hpre that a good steel head can 
be made from any one of the kinds of steel above specified. 

In closing this brief statement of the remarkable specimens of east ateel in 
the Exposition, the products of the Bochum Company (Prussia) should not he 
overlooked, An enormous cast-steel bell, weighing 29,500 pounds, remarkable 
for the admirable proportion Which existed between its size and its tone, was not, 
however, more wonderful than the cast-steel railway wheels made in sets of ten 
or a dozen, united by a thin shaft of metal running through the centres, thus en- 
abling one sinking head to answer for the whole quantity, and securing greater 
density and soundness in the metal. These wheds, when cut apart and turned 
up, were beautifully sound and clean, and gave evidence of ability to cast steel 
with as much facility as ordinary caatiron. Another evidence of this was to be 
found in a locomotive cylinder, bored and of anch finish and soundness as not 
merely to excite general admiration, hut, induced the belief that possibly it was 
east iron which had been deprived of its carbon by being annealed in a bath of 
oxide of iron, or some other decarbonizing material. 

In the Swiss department, machine-cut steel files were exhibited fully equal to 
any cat by hand ; and this result ia aaid to be due to the grinding of the blanks 
across the face instead of lengthwise, a point which may have great value to our 
own makers of files. 

QUALITY OF MATERIAL. 

A careful observer of the iron and steel specimens in the Exposition could 
not fail to be struck with the varieties in the quality of the metal exhibited and 
the evident attention paid to the adaptation of special qualities to special uses. 
In some establishments only a particular quality would be produced, but, as a 
general rule, all the large works exhibited, and seemed prepared to produce, a 
quality proportioned to the price to be paid. 

In the pavilion of Le Creuaot, for example, seven different qualities of mer- 
chant iron were displayed as examples of the uses to which each quality would 
be applied, and a personal visit to the works satisfied me that there was nothing 
Janciful in these grades. In the Welsh iron works it is notorious that the quality 
of the article produced is directly proportioned to the price paid for it, and in 
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my visits to thnse gigantic estaWisbmettts -wliieli have gi-own np in the mount- 
ains of South Wa!e8,it was humiliating to find that the vileat traali which could 
be aignififed by the name of iron went nniTCrsaliy by the name of the American 

Thia is no fault of the Welsh iron-master^ but has ariaea from the almoat uni- 
versal practice of late years, on the part of American railroad companieB and 
contractors, of purchasing the lowest-priced article that conld be produeed. Of 
conise no iron of this quality was to be found in the ExpMition; but if prizes 
were to be given for mere human ingenuity, I cannot conceive of anything more 
entitled to it than the production of a well-finished rail from puddled balls, that, 
will not hold together under the alligator squeezer. 

There is, however, one thing more remarkable eves than this low quality of 
iron ; and that is, the stupidity and reckless extravagance of the customera who 
are found to buy it. To this cause, more than any other, is due the necessity of 
almost annual renewals of rails in the United States, and of the finaacia! 
troubles of so many of our leading lines of railway ; nor is there the slightest 
excuse for this result, for the Welsh Kon-masters, to their credit be it said, 
make no concealment either of the inferiority of the material or the poverty 
of the process by which it is treated, and greatly prefer to turn out work 
creditable to themselves and profitable to their customers. But the inexorable 
law of competition, and the unremitted cry for cheap iron in America, have, left 
them no choice. 

For tbeir own country, for the continent of Europe, and for India, no sucb 
system is practiced. As a general rule, all rails made for home consumption are 
gnaranteed for from five to seven years, according to the traffic ; that is to say, 
every rail that fails in the slightest degree within the time specified is renewed 
at the expense of the maker. The extra price paid for a gnaranteed raU on 
roads of moderate traffic is about thirty per cent., but on roads havmg a heavy 
traffic at least fifty per cent, additional is paid. In cases where the guarantee 
cannot be procured in consequence of the heavy usage to which the line, or any 
portion of it, is subjected, the conclusion is inevitable that a steel rail should be 
used. And until a similar system of guarantee and adequate payment therefor 
is introduced into the United States, shareholders in railway companies can place 
no reliance on the security of their investment and the permanency of dividends. 

It is this difference in the quality of iron, and its corresponding money value, 
■which enables particular works and special regions to thrive under local di sad- 
, vantages as to cost. To some extent the same rule applies in the United btates, 
but it may be affirmed that there is no civilized country in which the discrimi- 
nation is made to so small an extent, and which loses so much by its indiffeience 

A very remarkable proof of the adaption of pai-ticnlar quantities to paitieular 
purposes is to be found in Sweden, which possesses inexhaustible stores of prim- 
itive ores, many of them adapted to t"he manuftieture of steel and the veiy highest 
grades of bar iron, and yet, for some purposes, ores which contain phosphorus 
are absolutely preferred tw the purer ores, even though procui-able at the same 
price. For tools, such as spades, shovels, hoes, and other utensils, and for rootiug- 
sheets, which are to be subjected to severe wear, at least one-tenth of one per 
cent, of pViosphorua in the iron is considered desirable. 

Again, in France, in order to produce the better grades of iron, ores are 
brought in large quantities from Elba and Algiers, at a high cost, which is reim- 
bursed hy the purchaser. 

If there was any lesson clearly taught in the Exposition, it was the willing- 
ness of the public to pay an adequate price for skill and quality, and tliis wil- 
lingness must spring from an enlightened self-interest. 

There is no difficulty whatever in producing in the United States any quality 
of iron and steel that may be desired, for we have an exhaustless profusion of 
the very best kinds of ore and coal, and, at the present day, so open to com- 
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maDieation as to render them available witli as little expenditure of human 
labor as the moat fayored countries of Europe. Bat the problem presented for 
solution to the American iron-master has not merely been to procure ihie labor 
at as low a cost as it is obtained in Europe, (a requirement utterly impossible to 
be met,) but to produce the highest grade of material in eompetition with tbe 
price of the pooi-est foreign article. For the difference in the price of labor a 
remedy may be found in the tariff, but for the other exaction there ia no remedy 
but greater intelligence on the part of the consumei-s, and in all cases where life 
or limb ia at risk, the enfor-eement of the law as to the responsibility for the use 
of inferior materiaL 

Having -completed a brief aurvey of the ai'ticlea in the Exposition which to 
tbe eye of an American would appear remarkable, we come next to the con- 
sideration of the processes employed in the manufacture of iron and ateel, which 
have not yet been introduced, to any considerable extent, in the United Statea. 
And first, in the natural order, comes the production of wrought iron and steel 
by a direct process from the ore. To some extent this branch of industry atill 
continues in the United States, especially in the northern part of the States of 
New York and New Jersey, where tbe process employed is usually but incorrectly 
known as the Oatalau method of making wrought iron. But in Europe this 
■mode of making iron may be said to have died out, although in the mountatna 
of Spain, and souie portions of Italy, a few fires still maintain a feeble existence. 
The practical mind of Europe and America, however, has never ceased its efforts 
to produce wrought iron and steel directly from the ore, by some convenient and 
economical process, and perhaps at no time has this subject received more atten- 
tion than at die present. Of this interest, however, tbe Exposition afforded but 
a single example, but that example in a quarter so distinguished both for 
scientific and meehaoica! knowledge, and for success so eminent in another 
direction, ae to have merited the grand prize of the Exposition, that it seems 
reasonable to expect the solntion of this difficult problem, if it be at all possible, 
at the hands of Charies William Siemens, whose regenerating heating furnace 
will be the subject of subsequent consideration. In the exhibition of Mr. 
Siemens were some small specimens of cast steel, which had been made direct 
from the ore, but which would scarcely have been remarked but for the eminence 
of the maker. They were made in conformity to a patent issued to Mr. Siemens 
on the 2flth September, 1866, in which he states Aat his invention has for its 
object tbe production of iron or steel directly from the ore, and in a continuous 
manner, analogous in this respect to the continuous action of the blast furnace; 
and consists in exposing a aiasa of ore, which may or may not be mixed with 
reducing agents or fluxes, upon ,an ■inclined surface, to the surface action of 
intense heat, and in introducing at the same time a current or currents of com- 
bustible gasea or petroleum oil in among the maaa_ from below .the inclined 
surface, ao as to percolate through the mass of ore", affecting or aiding in its 
reduction, and at the same time enveloping its surface where exposed to the 
flame in a deoxidizing or reducing atmosphere, tending to facilitate its fusion. 
The fused metal and cinders accumulating at the foot of the inclined surface are 
from time to time removed, while a mass of ore is maintained upon the inclined 
plane by its own gravitation, fresh ore being supplied from hoppers at the top 
of the incline in regular quantities. The intense heat spoken of in this descrip- 
tion as necessary for the process is produced by Siemens' regenerative gas 
furnaeea. Mr, Siemens has been conducting experiments upon the red hematite 
ores at Barrow in Furness, with a view to demonstrate the practicability and 
economy of this process, but it is yet premature to estimate the measure of his 
If, however, he should sJiceeed in practice, with the magnetic ores of 
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tte Atlantic highlatid range stretching froin New York to Geor^a, arad the 
primitive petosides extending from the great lakes thi'ongh Missouri and 
Arkansas, with the command of the fnel and the petroleam indispeiiBable for its 
BuceeBa, this process will be of incalculable value to the United States. 

In the preparation of ore for the blast furnace, Sweden eshibite the model 
of a roasting furnace invented by Mr. E. Westman, and wbieh was adopted in 
the first place at Dannemora works, and since generally introduced at the 
other iron works in Sweden. It consists of a vertical furnace whicb is heaitecl 
by a portion of the gas drawn from the blast fornaces themselves, and introduced 
at the bottom of the roasting furnace through suitable Sues by the aid of natural 
draught. The temperature in the furnace is carried to such a degree as to 
soften the ore, and drive off the enlpharic acid arising from the oxidation of a 
portion of the sulphur, disengaged by a distillation of a lower temperature fiCia 
the pyrites, which may be mixed with the ore ; a portion, moreover, of the salphur 
is oxidized by the oxygen of the ore. Ore thus roasted, however dense when 
charged into the roasting furnace, is discharged at the bottom quite porous, like 
a sponge, and almost entirely free from sulphur, if it do not contahi more than 
four per cent, in its natural state. With ore so roasted, and which presents an 
entirely different appearance from ore prepared in a common kiln, the statement 
is not surprising that the blast furnace runs with far greater regularity and with 
much less consumption of fuel. The introduction of this roasting furnaee will 
be of great value whea magnetic ores are smelted with cha/eoal. It is highly 
probable that even in furnaces fed by mineral coal, it will bring into economic 
use a great variety of ore now rejected on account of sulphur. So important 
did this furnace appear, that the undersign<*d at once engaged a Swedish engi- 
neer to proceed to America, where he is now efecting a furnace at Eingwood, 
in New Jereey, so that at an early date it may be examined by the 
public. Besides economising coal, the Westman furnace, in connection with 
other improvements resulting from a more accurate knowledge of the the- 
ory of the blast furnace, and a caveful study of its operation, has greatly 
increased the weekly product of the charcoal furnaces in Sweden. Tbe general 
dimensions of the blast furnaces are from eight to nine feet across the boshes, 
and from forty to fifty feet in height. The average product of these furnaces 
driven with a blast heated to 150° to 200° Centigrade is about seventy -five tons 
per week, which is nearly double the product made a few yeara since, and now 
made in the United States from the same class of magnetic ores, which must be 
carefully distinguished from the brown hematites of Connecticut, and the per- 
oxides of Lake Superior. The charging of the furnace, in particular, is most 
careftilly attended to; absolute uniformity in the size of the pieces of ore » 
insisted upon, and the charge is distributed over the furnace by a shovel, in 
which it is fiist weighed, and then run on a suspended raUway to the tunnel 
head of the furnace, which is never closed. The most intelligent engineers 
expressed the opinion that the furnaces would give better results il' made larger ; 
hut as they are, 100 pounds of cast iron are produced with ninety pounds of 
charcoal, which is as near as possible at the rate of 112 bushels to the ton. To 
supply this quantity of coal it is estimated -that 5,000 square metres (about 6,000 
square yards ) of wood land are required, and the most vigorous care is practiced 
in order to insure a perpetual supply of wood to the works. This is not in 
consequence of any regulation of the government, as is generally supposed, bnt 
by a concun-ence of action among the Swedish iron -masters, who have an asso- 
ciation administered with great vigor and intelligence. For the production of 
100 pounds of bar iron from the pig 100 pounds of charcoal are required where 
the works are upon a scale sufficiently large to work to the best advantage. 
The English run-out or refinery fire is not in use in Sweden, but the refining is 
all accomplished in the ordinary forge fire generally in use in Pennsylvania. 
Various modes of treatment in this fire ai'C employed, but the one most generally 
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weed is tbe Lancasliire method, subetantially the same aa the Wclah process 
generally employed in the Uoit«d States. At Dannemora the Walloon method 
is employed, and at Elfsborg the method of Franehe Comt^ is in use. At 
Kihlafors a combination of the Walloon and Lancashire methods is adopted, 
which is said to produce a very superior quality of iron with a very small con- 
sumption of coal. A detailed description of these methods may be found in 
Percy's Treatise on the Metallurgy of Iron and Steei, pp. 591, 604. They all 
give good iron if they are properly followed. The special interest which these 
Swedish irons have for us consists in the fact that at this day, as for many 
years past, they are regarded as indispensable for the production of the best 
quality of cast steel by the crucible process. Hence the exhibition made by 
Sweden was among the moat tnterestiug in the Exposition, and it is creditable 
(o that country and its iron-masters that it was not only most complete in all 
its details, but afforded an opportunity of studying its peculiar process of manu- 
facture, from the ore to its final result in the highest grade of cast steel.' The 
Swedish exhibition was in charge of a most intelligent engineer, Mr. L. Euiman, 
who took tbe greatest possible pains to furnish whatever information might he 
desired in regard to the manufacture of metals in Sweden. 

The Danemoi'a irons have generally a fine grain, hut unequal in size, com- 
posed apparently of hard and «oft particles, but in ductility and tenacity the 
strength of this iron still maintains its superiority ovw all others ; and it has the 
remarkable peculiarity that, when heated, it becomes very soft and full of fibre, 
and when cemented and cast into steel the inequalities of fracture entirely dis- 
appear. The irons made by the Lancashire fires are generally the most equal 
in grain, and this is supposed to bfe due not so much to the primary process of 
manufacture as to the peculiar mode of reheatiug and bammering to which they 
are subsequently subjected. For reheating, the gas welding furnace, as it is 
called, is usujJly employed, by which the bloom is subjected to so high a heat 
as to become incandescent, so that when subjected to the hammer all raw iron 
breaks in pieces, and is thrown off in the forms of small bits and blue sparks. 
Loops which act in this way are absolutely rejected for commercial purposes, and 
are only used for the local wants of the works themselves. There can be no 
doubt in my mind that to the use of the gas welding furnace, and tho high heat, 
coupled with care in the eelection of ores, is due the superiority which must be 
accorded to Swedish over American iron made by the charcoal process. For 
steel, iron ore containing phosphorus is absolutely rejected, and it is a curious 
fact that Mr. Le Play, so long ago as 1846, prepared a table of Swedish iron, 
arranging their rank according to the price which they bore in the steel market 
of Sheffield, and the subsequent analysis of these irons shows that this value, 
determined by the practical experience of the manufacturers of steel, is directly 
determined by the quantity of phosphorus and sulphur contained in tbe pig iron 
from which the bars are made. Inasmuch aa the consumption of Swedish iron, 
in the United States is very considerable, and, the demand for that quahty of 
metal is likely to increase, to be met either by importation or by domestic pro- 
duction, I have deemed it best to append to this report a copy of the table 
obligingly furnished by Mr, Rinman, giving the names and marks and kind of 
ore used in all the Swedish iron works; and also to append an analysis of the 
different kinds of pig iron from which they are made. A careful study of these 
two tables (Appendix A) will not only guide the consumer in the selection of 
the kind of iron which he may require for special purposes, but will enable the 
American iron-master to select the kinds of ore with which he may hope to re- 
place Swedish iron in our own markets. But let it not be supposed that this 
last result can be aehieved by ore alone. The same care in the manufacture^ 
and the same severe test which is applied to the loops, heated to the highest 
point, will be required to insure a uniform and satisfactory result. Tho besj 
form of gas furnace is probably tbat of G. Ekman, models of which were ex. 
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hibited in tbe ExpoBition, and a description of which can be found in Percy's 
Metallurgy, page 716. 

It is well to note that in the forge, or sinking fires, two tuyeres are generally 
employed, placed opposite to each other, by which the production ia increased 
ano the consumption of coal diminished, and the iron is generally regarded as 
more homogeneous. Puddling with wood ia also practiced to a considerable ex- 
tent in Sweden ; and, in this connection, althongh somewhat out of its proper 
order, it is best to describe the furnace devised by F. Lundin, of Carlst-adt Munk- 
fors, designed for lie consumption of turf and peat, without drying, and of wet 
sawdust or other moist fuel; an invention deemed so valuable that the associa- 
tion of Swedish iron-masters .have rewarded Lundin by agift of $10,000, which, 
in Sweden, ia a very consideiable sum In this furnace the fuel is fed by a 
hopper into a reservoir, resting upon an inclined grate, supplied from below with 
air from a blower. The products of combustion thus produced pass through a 
condenser, where all the moisture in the gas is condensed. The gas then passes 
to the beating furnace, which is furnished with Siemen's regenerators. It ia 
found easy to use- fuel containing as much as forty-five per cent, of water, and 
the resulting gas contains about thirty-three pounds of water to one hundred 
pounds of dry gas, and the water, after condensation, contains about two per 
cent, of ila weight in gas, or three per cent, of its volume. The condensing ap- 
paratus consists of 3,500 ponnda of ii-ou bars piled crosswise on eaeh otlier, and 
kept cold by a jet of water from a tuyere. The heat of the gas before conden- 
sation of the water always melts lead easily, aud sometimes zinc. The expense 
of the construction of a full-sized furnace in Sweden is about $2,500 in currency, 
and it is estimated that such a furnace.wiU utilize 1,700 tons of fuel in a year, 
at a saving proportioned to the cost of other fuel in the particular locality where 
it is employed. In Sweden it is estimated that the annual saving resulting not 
merely from the cost of the fuel, but from the repairs of the furnace and the in- 
creased temperature, amounts to over $5,000 per annum on the product of each 
furnace. In the Ekman furuace dry wood containing eight per cent, of water 
produces in the generators gas of a temperature of 1,394°, while in the'Lundin 
furnace the temperature is 2,666°, the combustion in tioth cases being produced 
by cold air. The gaa produced by seasoned wood contains more water than 
that which proceeds from the Lundin condenser. The duration of the fui-nace 
is simply surprising, and is to be attributed probably to the fact that there is no 
cinder. In eight weeks the thickness of the roof, 4 inches, was only diminished 
from i to I inch, and the side walls were entirely uninjured. So wonderful is 
the success of this system of condensation, in connection with the Siemens' re- 
generators, that, in Sweden, and in fact everywhere where moist fuel is employed, 
the Lundin furnace will supersede every other. Its great merit is, thai, it is 
available for any kind of fuel whatever. In the United States it is believed 
that thia arrangement might be employed advantageously for washing the gas 
obtained from mineral coal ; but its chief merit consists in the fact that in mineral 
regions, far removed from the coal fields, it is possible to establish iron worka, 
using sawdust or peat with entire success and great economy. In the lumber 
regions of Lake Superior it will be found to have a special value, because tbere 
ia an abundant supply of pig accessible to the saw-mills ou Green Bay and in 
Michigan, producing enormous quantities of sawdust, slabs, and waste timber. 

Although reluctantly I have been compelled to abandon the idea of a 
panying this report with drawings, and to rely rather on referei 
publications, the drawings of the Lundin furnace are annexed i 
not merely because they are not elsewhere attainable, but becau 
the invention is such as to secure its immediate introduction i 
States, ia many parts of the country where mineral coal is dear o 

The Exposition presented very complete specimens of pi' 
of Europe, but the experience valuable to our American iro 
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be acquired hy actual visits to the works where they were produced. In South 
Wales the most remarkable feature waa the endurance of the fuinaces, some of 
which had been in blast for more than twenty years, and no furnaces were ex- 
pected to- go out of blast under ten or twelve years. As the production of these 
iurnaces varies from two hundred to three hundred tons per week, and the ores 
asd coal ate not less calculated to wear the lining than our own, it would be 
very desirable to determine the cause of this greater darability. In Wales the 
heat of the blast is usually abont 600°, and its pressure from three to three and 
a half pounds per square inch. As all these conditions are to be found at par- 
ticular works iti the United States where furnaces continue in blast only from 
three to four years, it woald seem that the quality of the bricks might explain 
the difference. Another peculiarity of South Wales is the great difference in 
the pi-oduct of furnaces having the same dimensions and shape and using the 
same materials, and for which the experience of the iron-masters offered no ade- 
quate explanation. Again, at Ebbw Vale, the Sirhowy furnace, 13 feet in 
Height, 18 feet across the boshes, with the hearth seven feet six inches in diam- 
eter, and the tunnel head ten feet in diameter, containing 11,900 cubic feet, did 
not produce as much iron as another furnace seventeen feet six inches across 
the boshes, forty-eight feet high, with the same sized hearth and top containing 
6,590 cubic feet. This latter furnace averaged about 3S0 tons of iron per week, 
using abont one and a half ton of raw coal to the ton of ii-on. Its interior sec- 
tion was in the form of two cones meeting at the boshes, and a drawing of it 
will be found ia Percy among the Ebbw Vale furnaces, marked E. V., No, 3, p. 
559. The only mechanical arrangement of these fornaces worthy of special 
notice is the cup and cone device at the tunnel head which is described in Percy, 
page 470, perfected at the Ebbw Vale iron works, and now generally adopted 
at all the large iron works in Great Britain and on the continent, except in 
Scotland and in the Gomberland region, where it is supposed to have an unfa- 
vorable influence on the c[aa]ity of the iron. The object of this arrangement is 
to throw the small ore and coal, against the sides of the furnace, and the large 
pieces to the centre, and it was stated to be essential that the cone when drawn 
up to its place should have a space of 18 inches between it and the lining of the fur- 
nace. From the space thus produced the gas is drawn off for the supply of the 
hot blast ovens and the boilers, which, in the great majority of cases, were placed 
upon the ground and not upon piers, and n<* difficulty is experienced in procur- 
ing an adequate supply of gas below by the draught of high chimneys. It was 
generally stated that the adoption of the cup and cone arrangement had im- 
proved the running of the furnaces and diminished the consumption of coal. 

The Cumberland region has long been remarkable for the large product of 
iron from its blastfurnaces. Even as early as 1862 a weekly product of over 
600 tons had been achieved in one furnace, and although the business has greatly 
extended in that region, and is still characterized by large weekly products, it 
does not appear that any improvements have been lately made either in. con- 
struction or in yield. At Barrow-on-Fnruess there are6 mmaces 15 feet across 
the boshes, by 42 feet high; and 5 fornaces of 17^ feet across the boshes, and 
47J feet high. When working for pig iron designed for the Bessemer process, 
the smaller furnaces make 300 and the larger 400 tons per week of extra gray 
pig iron, but this product is very largely increased when the furnaces are running 
on forge iron, a single furnace having made as much as 700 tons in a week. 
This remarkable produit is due to the vlmiiable character of the ore, which is 
a red hematite yielling bO per cent on the aveiige, and is smelted with a ton of 
coke per ton of iron, but when the grayest iron is made the consumption of fuel 
is undoubtedly greatei Admuable as these works are in construction, and. 
producing annually (he enormous quantity of 200,000 tons, there was nothing 
in the process ot manutacture calling for spLcul notice. 

But at no p 1 nt in Europe was the lesson of the superior advantage of good 
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quality more plainly iaeulcated, for hero; on the weat coast of England, gray 
hematite iron was Helliugfor 90 shillings a ton, while on the east coast of Eiig- 
kndgrayOlevelandiron could be purchasedfor 40 shillings per ton; theonefioding 
a market in the Bessemer process, where only the very best ii'on can be used, 
while the other bad to be sold iu competition with the great mass of inferior pig. 
But though the ivon of the Cleveland region be inferior, it is there that the 
American iron-master has most to learn, 'the ore of the Cleveland region is of 
the fossiliferous variety, yielding 31 per cent, raw, and 43 to 43 per cent, when 
roasted. The coke is extremely tenacious, enduring a heavy pressure without 
being crushed. The iirst furnaces built were abo,ut 18 feet in diameter and 55 
feet high, making a weekly product of about 330 tons, with a conanmption of 
IJ ton of eoke to the ton of iron, and a temperature of blast of from 600" to 
700°. The excellent performance of the stock in the fnmace soon led to an 
increase in its height, with a corresponding increase in the temperature of the 
■ blast, a"d now there are furnacea in operation in the Cleveland district 102 feet 
in height, 27 feet across ihe boahes, and driven with a blaat of a temperature of 
from 1,000° to 1,100°, or at least sufficient to melt pure zinc, back of the 
tuyeres, in from four to five secnnda. The consec[uence is that the consump- 
tion of fuel lias been reduced to a ton of coke to the ton of iron, and there has 
been a gain of 2 per cent, in the yield of tbe ore, which latter phenomenon is 
attributed to the me of the Player atovea for heating the blast. la this- 
arrangemeot the gas is burned in a separate chamber, and only the resulting 
heat reaches the pipes. Thus all flocuient matter is disposed of and the pipea 
require no cleaning, and their liability to iujary is far less than when the flames 
come in contact with the pipes, aubjecting them to the danger of being burned 
in spots. The pressure of bhist is from 3j- to 4§ pounds to the inch, and sis 
tuyeres of 3J inches diameter usually serve to convey it to the fui-nace. At the 
Morton works, where there ia a furnace 85 feet liigh by 35 feet boshes, there 
were four stoves, containing 60 pipea weighing 126 Eons, which heated the blast 
from a blowing cylinder of 7 feet by 7 feet, making 13 revolutions per minute. 
The general rule for blast is that there shall be 1,200 aqiiare feet of heating sur- 
face for each 1,000 cubic feet permmute 

The effect of this change iu the size of the furnace and the heat of the blast 
in the Norton furnace above referred to wai to give a weekly product of 365 
tons. All tbese furnaces have the cnp and cone ai i xngement at the tunnel-head, 
and the gas is drawn off into a great iron flue foimiug a kind of cornice or 
moulding around the top of the furnace, but coveied with brick so aa to avoid 
radiation. A proper outlet for the gaa is indispensable for the larger prodact 
and economical results which have been desciibed The pipe for conducting 
the gas to the ground must not be less than 7 feet in diameter, and is lined on 
the inside with brick. 

Ail the ore of the Cleveland region is calcined m vertical kilns, varying from 
24 to 35 fe«t in height and from 4,500. to 8,000 cubic feet capacity, charged 
with ore and fine coal in layers, and consuming about; one ton of coal to 24 tons 
of ore. This calcining might be far better done by the Westman furnace, but 
unhappily the supply of gas from the blast furnace is not more than sufficient 
to heat the- boiler and atoves. AH the usual modes of elevating material to the 
top of the furnace are to he found in this region, but the pneumatic lift more 
recently introduced merits attention, as workiug in a very satisfactory manner. 
It consists of a cast-iron cylinder of the height of the fumace made in sections 
bored out and bolted together, so aa to provide a chamber 36 inches in diiimeter, 
in which the piston fits loosely, and weighs about half a ton more than the 
piatfoi-m and empty baiTOws. Leather packing ia used to render it air-tight. 
The platfoi-m surrounds the cylinder, and is put in motnn by the movement 
of the piston, with which it is connected by wire ropes \ assi ig ovei four eight- 
foot pulleya at the top of the cylinders. Four bwroHs of matcriil are raised 
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at a time, weigliing from one to two tons, and the upwai'd and downward motion 
18 comnmnicated by the alteitiftte exhaaation and compression of air beneath the 
piston to the amount of from one to tliree poundfl per square inch, according to 
the load. A. pressure of one poand to the square inch is required to lower the 
empty barrows. For the calciniag kilos, a similai- an-atigement, but of greater 
power, is employed. 

The early iutrodnetion of the high fui'naces into the United States wonld 
seem to be inevitable, provided the fuel is strong enough to resist the press- 
ure which is involved. Our magnetic, carbonaceous, foasiliferoos, and red hem- 
atite ores, except in a few instances, are remarkably well adapted to these 
furnaces, andif it fihonld be found that onr admirable aathracite will not decrepi- 
tate when subjected to llie incidental pressure, it is not hazarding much to pre- 
dict that the consumption of fuel can be readily reduced to a ton for each ton of 

An analysis of the coke used is subjoined, as a guide to those who employ 
that fuel ; 

Carbon. 91.42 

Volatile hydro-carbons 0.64 

Sulphur 1 

Ash : 6 66 

Moisture 0.^8 

Among the other cnriositiea connected with the Cleveland iron, is an analysis 
of the dust which is deposited by the gas in its passage from the furnace through 
the stoves and under the boilers. 

Protoxide of iron M.§2 

Oxide of ainc 10-4S 

Sulphide of zinc l-'i-'/O 

Alumina 8-20 

Lime 18.32 

Magnesia .■ 5.03 

Chloride of silicon 4.74 

Ammonia 0.70 

Thalium trace. 

Sulphuric acid 3.1S 

Free sulphur 17 

Silica , 22.60 

Carbonaceous matter 4.50 

Total 99-84 

So large a proportion of zinc from an ore which contains no zinc is a pheno- 
menon not unobstrved at other places, but has as yet received no satisfactory 
explanation. 

The Player stove was the subject of commendation in the Cleveland region, 
and appeai-ed to be as satisfactory a mode of heating the blaat as any in 
use. But it is proper to say that an equally high temperature can be procured 
in other ways. Its introduction into the United States will certainly effect a 
large saving of fuel, but the effect upon the quality of the iron must in a great 
measure depend upon the character of the ores employed. Its combination, 
however, iVith the high furnaces certainly affords one of the most interesting 
and instructive lessons in recent metallnrgic improvements. 

In Scotland, where for so long a time the yield of blast furnaces was in 
advance of all other regions, no progress seems to have been made, the furnaces 
rarely exceeding 200 tons per week. An attempt has indeed been made at 
Gartsheme to increase this amount hj the erection of two furnaces 60 feet in 
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height, but the eonsumption of faelhas aot been reduced, and the yield of the 
furnace ia iron aot materially increased. 

This is noted here in order to suggest caution in our owu progress toward 
higher furnaceB, because the increase in the height of the furnace at Gartsherrie 
appears to have increased the q^uautity of solid matter which falls down into 
the hearth and very much adds to the labor of working the furnace. It has 
been suggested that a modiiieation iu the shape of the furnace might relieve 
this difficulty, ajid some new furnaces erected by Mr. D. Adamson in North 
Lincolnshire are cited as an example of the advantages of bringing down the 
lines of the furnace almost parallel to a very low point, and then drawing theia 
in quickly towards the hearth. But in the absence of a larger experience it 
would be unsafe to recommend any other course but extreme caution in depart- 
ing from successful practice. 

Passing from blast furnaces to rolling mills, the most striking change pre- 
sented in the new works is the simplicity of the machinery, its large dimensions 
and their arrangements for dispensing with labor in the handling of the mate- 
rial. Seversing mills are generally employed in Great Britain in preference to 
three-high rolls, but in France it is to be not«d that at Aiizin, in Isfere, three- 
high trains have been in use for rolling girders since .Tune, 1849. There is also 
a three-high plate mill at Le Cieusot, and the principle of three-high mills ap- 
pears to be peifeetiy well understood in Europe, but the i-eversing mill is gen- 
erally preferred. Ui^ect acting engines, that is, engines without inteimediate 
gearing, are generally preferred, but at Crewe iu the plate mill the fly wheel 
was dispensed with ; a pair of engines similar to a locomotive engine were used, 
running at a high speed and geared down ao as to give the proper number ot 
revolutions to the train. At Ebbw Vale there ia an engine drivinga small train 
running S50 revolutions per minute. In both these cases the result was en- 
tirely satislaetory to the managers. Another striking feature in the rolling 
, mills and iu some of the larger ateel works was the adoption of the hydraulic 
crane for moving the masses of metal, and where the hydraulic crane was not 
used the steam crane often supplied its place. The ratio between human labor 
and the quantity of material handled has thus been greatly reduced, and ap- 

5ai-ent!y brought to a minimum, and in the United States, where labor is so 
ear, the introduction of hydraulic machinery as a substitute for human muscles 
is an imperative necessity. 

The arrangements necessary for this purpose are not complicated although 
somewhat expensive. Where an adequate pressure of water, say 300 pounds 
to the square inch, can be procured, from an adjacent height, as at the admirable 
works of Naylor, Vickera & Co., in Sheffield, the expense is lessened, but in 
other places it is only necessary to erect an accumulator and supply the pressure 
by artiiieial means ; and even the accumulator may be dispeuaed with by the use 
of the duplex steam pumps generally employed in America. The steel-rail 
mill of John Brown & Co., at Shef&eld, and the new steel works of Naylor, 
Vickers & Co., at Sheffield, are admirable examples of the perfection to which 
this hydraulic system has been carried ; and taken as a whole I regaid the latter 
establishment as the best specimen of mechanical engineering at present in ex- 
istence. 

Attention should also be directed to a tool for slotting the ends of raih, so 
that they may be all of exact length, which is indispensable ia order to secure 
a perfect railway joint. The cost of this operation is about two pence per rail, 
and the machine is not expensive. Another machine for cutting rails cold, at 
John Brown & Co's,, was worthy of observation. It was a circular saw 16 
inches in diameter and J of an inch thick, making 20 revolutions per minute 
and cutting 6 ateel rails per hour. Another feature admirable for the order and 
cleanlineaa of the mill was the cemetery for rolls not in use, which were all 
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bulled in special tombs prepared for theii- reception under the iron floor of the 
mill, whence they were easily removed by cranes. 

Among the names of those who give dignity to the grand prize of the Expo- 
sition elands that of 0- W. Siemens for his gas regenerative heating furnace; 
and although this invention has been long enough in use thus to command the 
homage of the scientific world, it is only within a few months that it has been 
introduced for the first time into an iron works in the United States, Its prac- 
tical success is, however, undeniable, and for the reheating of steel, whether 
made by the crucible or the Bessemer process, or for the heating of iron, where 
a clean incandescent heat is required, or for any of those operations in which 
wrought iron is rec(Qired to be kept in a melted condition, its necessity 
is un Questionable. Its merits, however, are not limited by these results, 
for which it was originally designed, but enable hitherto useless or nearly 
worthless forms of fuel to be employed with entire success. At Crewe, where 
coal alone is used for reheating, five hundred- weight sufBees to do the work of 
ton under the old plan, and at the time of my visit they Were using half saw- 
dust, saving thereby one-fifth of the coal, that is to say, two and a half hviudred- 
weight of sawdust was found to be equal to one bund red- weight of coal. At 
the wire works of Kichard Johnson & Nephew, as we have already seen, the 
. consumption of coal was reduced from about fifteen hundred- weight to eight 
hundred- weight per ton of billets heated, and the waste from lOJ per cent, to 
6.9 per cent. At Bolton the manager assured me that th^ results were equally 
satisfactory, although he considered it an open question whether, in cases where 
the waste heat was used for making steam, there would be much economy of 
fuel by the use of the Siemens' furnace, but he had no doubt whatever as to 
the saving in waste and the increase of product from the furnaces. Aside from 
the question of the quality of tlie iron produced, the Siemens' furnace in the 
United States will be found of most value where coaj is dear, and, above all, at 
works driven by water power and the surplus heat now allowed to go to waste. 
The application of the Siemens' furnace to puddling is quite recent. I saw it 
in operation at Le Creusot, in France, and at Bolton, in England. At the former 
place the coal, which is an impure kind of anthracite, had required some modi- 
iications to be made in the generator, so that the advantages could not be esti- 
mated, but at Bolton the furnace worked so much more rapidly thaa the old 
furnace that it was necessary to put on three shffts of hands per day, and no 
difficulty of any kind was found in the operation of the furnace. I regard it, 
therefore, as one of the most important improvements to be introduced into 
American iron works at the earliest possible day. 

The success of Siemens has given rise to. many attempts to improve the or- 
dinary puddling furnace, and at Bolton I found in operation the Wilson furnace, 
which differs from the common furnace in having the coal fed in from a hopper 
over the fuel chamber on to an inclined grate, and with a bridge which causes 
all the smoke to be consumed before reaching the stack. Although this fiii- 
nace has been tried previously at other places and abandoned, yet at Bolton it 
appears to be working well. The consumption of coal was less than a ton to 
the tonof iron, the number of heats in twelve hours was increased from six to seven, 
and the waste of the iron was stated to be decidedly less. In case subsequent, 
experience should confirm the promise of the experiment as I saw it, it would 
seem that in works where the waste heat is required for raising steam, the Wil- 
son furnace could be introduced with more advantage than the Siemens' furnace 
for puddling 

In the Exposition among the articles exhibited by the Dowlais works was a 
puddle ball of unusual dimensions, made in the mechanical puddling machine 
constructed by Mr. Menelaus, the able and experienced manager of this exten- 
sive establishment. A visit to the works proved that no expense had been 
spai'ed in order to substitute puddling by machinery for the work by hand. A 
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building and engice had been put up espreasly for the purpose, and four mas- 
Bive machines erected, capable each of heating a quantity of iron sufficient to 
prodnce a ball of ais hundi-ed--wetght. The puddling vessel is of a shape that 
would be produced by revolving the bottom of a pudiJHng furnace, and is canaed 
to turn on a horizontal axis resting on firm beai-ings. The vessel is first 
charged with iron, either cold or melted, and then lifted by aateam eraneand placed 
on its proper bearings, and as soon as the metal is melted, thrown into gear and 
caused to revolve. It wasexpected that the puddling operation would be accom- 
plished by the simple revolution of this vessel, supplied with the products of 
combustion from a furnace placed at one end. When the heat was completed, 
the vessel was lifted from its bearings by the crane, the bridge end turned down, 
and the ball dropped out upon a carriage ready to be taken to the hammer. 
There were of course many other details, which it is unnecessary here to describe, 
- as the results achieved were not such as to encourage imitation. Tlse first diffi- 
culty was found in procuring a lining material which wonld withstand the 
chemical action of the metal and cinder, and. the mechanical action of the iron 
from the time it came to nature until it was balled up. Ganistei' was tried and 
failed, because the iron produced was invariably cold-sbort. Titanic ore from 
Norway was found to sUnd nearly as well as the ganister, and the iron produced 
was less cold-short, but with neither could a satisfactory iron be produced. Iron 
linings failed, because the iron under treatment adhered to the sides of the ves- 
sels ; and Mr. Menelaus makes this important statement, that it is next to impos- 
sible to prevent puddled iron from adhering to the ckan surface of an iron lining 
heated to the temperature necessary for puddling, If was also found that arti- 
ficial blast was necessary, hnt notwithstanding over 600 tons of iron were made 
iu these vessels, and the highest order of mechanical talent brought to bear 
upon the process, neither the lining could he made to stand nor the iron brought 
up to a merchantable quality. The problem of mechanical puddliug, therefore, 
still remains unsolved, but tlie manual labor of the puddler can undoubtedly be 
considerably diminished by the use of puddling tools or rabbles, moved back- 
wai-ds and forwards around the furnace by a series of levers put in motion by 
steam or other power. At the Northfield iron works, near Sheffield, such 
machinery, invented by John Griffiths, was in operation on a single double pud- 
dling furnace, in which ten hundred- weight of pig was charged and six heats were 
made daily by one puddler, and two boys helping him. It was clamied that 
2.400 pounds of puddled iron was being produced with sixteen and a half hun- 
dred -weight of coal, and there certainly was a saving of one skilled workman. 
■ And yet it was stated that where these machines had been pnt into the works, 
and left to the option of the puddler to be used or not, and the same price per 
ton paid for the result, the puddlers had declined to use them.. But whether 
because they were really foand to be of no service, or because they feared their 
nse would bring down the rate of wages, it is impossible to say. 

So far as my judgment goes, I think they could be introduced with great 
advantage to both masters and men. 

At Le CreuBot, in puddling white pig iron for rails, they make eleven heats 
per turn, or two and a half tons, in a i'urnace with one puddler and two helpers, 
which is a larger yield than I have any knowledge of elsewhere, but it is cer- 
tainly not due to any peculiarity in the furnace. 

Player, the inventor of the hot-air stove, has also taken out a patent lor what 
he terms a blooming process, by which the entire heat is removed from the pud- 
dling furnace in one mass, and carried to the hammer on a suitable carriage, thus 
saving the espouse of separating the beat into small balls. Trials are now 
being made with this process, but it is yet too early to give any positive opinion 
as to the result. 

Of the value of another improvement, however, made by John Beard, there 
can be no doubt. This invention consists in plaemg the grate-bars of the pud- 
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dling furnace upon- two asles, (it the front and hack of the fire ehamher. To 
these aslea a vibrating or rocking motion is given by means of levers, the effect 
of which is to raise the gi'ate-bars alternately at opposite ends, so that each 
grate-bar vihratee np and down in an opposite direction to its adjacent grate-bar. 
The valne of this improvement consists in the facility with which the grates are 
cleaned and freed from all clinker without breaking np the fire. It was already 
introdnced into the Blaenavon works, in South Wales, and those of John Brown 
& Co,, at Sheffield, where it was stated to give an additional heat from the fur- 
nace per turn, and to make a eonsiderabie saving in coal. 

The manufacture of puddled wire-rods is a very extenBtve business in Gfreat 
Britain, but no one has succeeded in natttraliaing it upon American soil. With 
the best grades of charcoal iron it is indeed possihle to make good puddled wire 
rods in the United States, but at a cost too high to compete with the foreign 
article, in the production of which no charcoal is employed. I visited the works 
of J. 0. Hill & Co., near Newport, in South Wales, and those of Richard John- 
son & Nephew, at Manchester. In both these works, a mixture of several 
brands of coke iron is employed, costing on the average about =fi4 per ton. 
Single puddling furnaces alone are used, the charge of iron ie 4J ewt., and the 
yield from Sj t*i 3J cwt., made np into five halls, and showing a waste much 
larger tlian usnal. These hails are hammei'ed under a live-ton helve, to a bloom 
4 inches squai'e, and this bloom is taken hot to a balling furnace, where it is 
heated and rolled down to the ordinary IJ-ioch billet for wire. The greatest 
possible care is taken at all stages of the operation, but the result of my observa- 
tion is, that the puddling furnace is the stage in which the iron receives its proper 
preparation for a wire rod, and I think I may say that as a general rule, when 
high grades of iron are to be produced, I remarked a higher standard for the pud- 
dled bar than I have been accustomed U) see in the United States. The practice 
of puddling for grain instead of fibre is more general, and I think I cannot be 
mistaken in saying that the puddle balls are far more thoroughly cleaned of cinder 
when puddled for grain , At Biaenavon and at Le Creusot, at which works very 
superior iron is made, the grain of the puddled iron resembled puddled steel 
more than iron, and it seems probable that we shall hardly attain to the same 
regularity of product in America until the same careful attention is paid to the 
puddling process. 

The propriety of rerolliiig old rails seems to be involved in as much doubt 
in England as in the United States. The general practice, however, is to Bell 
the old rails and purcbase new ones, but at Orewe the London and Northwestern 
Railroad Company, and at Swindon the Great Western Railroad Company have 
mills for rewoiking their old rails. There waa a concurrence of opinion in both 
establishmenta that new iron should be used in the head, and at both the steel- 
headed rail with old rails in the base was looked upon with favor. At Swindon 
I saw a beautiful steel-headed rail which had been made by balling up cast-steel 
turnings in a common balling furnace and placing the resulting bar on top of a 
rail pile. The fracture was admirable and the weld appeared to be peifect. 
There seemed also to be a general agreement that the top slab of a rail pile 
should not be leas than Ij inch in thickness, and 2 inches is preferred. At 
Blaenavon puddled steel is used for heads with very satisfactory results, but care 
is taken that the kyer of steel on the finished rail shall not be leas than | inch 

PB0CES5ES FOR THE MANOFACTUKE Of STEEL. 

By common consent it seems, to be agreed that the most striking feature of 
the indusliy of the present day ia the marked advance in the manufacture of 
steel and its progressive subatitutiou for iron in ull cases where strength must 
be combined with lightness. Notice has already been taken of the enormous 
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masses of steel in tlie Espositiou, but it was only by observing the infinite 
variety of forms and purposes to wbieh it was applied, that the intelligent 
observer was compelled to admit the transition which is taking place from the 
age of iron to the age of steel. Another conclusion could not fail to be reached 
from a careful study of the products and processes -represented in the Exposi- 
tion, via : tiat good steel can only be made from good material, no matter what 
process is employed. For the best steel the erucible process stili maintains the 
first rank, and although the Exposition contains some beautiful specimens of 
material made by other processes, yet it was qnite evident that no plan has yet 
been made sufficiently pi-aetical to infringe upon the domain of crucible steel 
for the more difficult and higher uses for which this metal is required. The 
process of making erucible steel is too well known at this day to require de- 
scription at my hands, but like all other branches of the metal business it has of 
late undergone aa immense extension in the size of the works and of the pro- 
ducts. 

At the establishment of Thomas Firth & Sons, in Sheffield, the old system 
of cnaking steel is maintained in its integrity, and of a quality unsnrpassed by 
any other maker. And yet here I saw a 12 ton ingot cast for the tube of a 
Woolwich gun, poured fi-om crucibles containing each about 50 pounds. In 
order to make a solid ingot it is indispensable that the metal should be poured 
continuously into the mould at a high temperature, inasmuch as any delay in dis- 
charging the crucibles would he fatal to the quality. The difficulty of pre- 
paring this quantity of metal in such small instalments so as to reach the mould 
indufe season, and of organizing the gangs of men necessary for its transfer, 
will easily be appreciated by those who aie familiar with the magnitude of the 
t.ask. The only evidence in these works, besidee the masses of steel, of the new 
era upon which the business has entered, was to be fonnd in the enormous steam 
hammers, furnaces and cranes, which had been rendered necessary in order to 
fabricate ingots of such massive character. So admirable were these arrange- 
ments that there seemed to be no greater difficulty in dealing with these heavy 
masses of steel than with the snjallest ingot on the premises. Here the fabrica- 
tion of cast-steel locomotive tires had just been imdertaken, with every possible 
facility for its successful operation. A cylindncal ingot is first made sufficiently 

' large for six or eight tires ; this ingot is then cut in a lathe into sections each of the 
shape of a cheese, sufficiently large for a single tire. The steel cheeses thus 
produced are heated and thoroughly hammered under an immense steam ham- 
mer, and after being reduced in all directions by this process, are again heated 
and punched with a conical-pointed punch under another steam hammer. The 
ring thns produced is enlarged by successive heatings and hammerings until it 

. reaches the size suitable for the tyre rolling-mill, where, after being again heated, 
it is rapidly finished, producing a ring without weld or joint. Inasmuch as the 
relative value of tyres made by the crucible process and the Bessemer proeeaa 
is still a subject of discussion, I took special pains to compare the toughness of 
the crucible steel, as shown in the clippings of the fin on the finished tyre, with 
the same clippings from the Bessemer tyi'es, and no doubt was left in my mmd 
as to the superiority of the crucible material ; hut I do not wish to be understood 
as saying that the Bessemer material is not good enough for the purpose, and, in 
view of the relative price, more economical in use. Firth's tyres being sold at .^45 
per ton, and the Bessemer as low as ^2S. The mode of making crucible tyres 
at the works of Naylor, Vickers & Oo., was somewhat different, and appeai-ed to 
be less expensive ; and here one could not fail to be strnck with the admirable 
adaptation of mechanical means to the objects in view, and with the very com- 
plete arrangements for the production of large masses of crucible steel. Here 
again was presented the perpetually recurring question as to the relative value 
of Bessemer steel for special purposes, such as crank shafts and locomotive 
crank axles, which dre produced at these works in large quantities and from cru- 
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cible steel. Of tlio value of tho latter no doubt aeema to be entertainei^, and 
the makers of the former iDsist that their work is equally reliable at a far less 
cost; but I must again acknowlege that I saV no Bessemer steel in England of 
equal toughness with the product of the best makers of crucible steel. In the 
Exposition, on the other hand, there were specimens of Bessemer steel from 
Sweden and from Austria which appeared to be fully equal in quality to auy 
crucible steel, and these may be the precursors of the coming day when crucible 
steel will be a thing of the past, but that day has not yet arrived. Tlie past 
year may be said alao to have decided the anbslitution of cast steel for iron in 
guns of small calibres. The peculiar excellence of the Marshall iron is still 
admitted, but it cannot be denied that cast steel is freer from "greys" or specks, 
and in point of tenacity quite as reliable. Whea steel is employed for this pur- 
pose the barrel is not welded, but is generally bored after being forged to the 
proper length. 

The Chassepot rifles are all being made in this way, but another method, 
known as that of Deakin & Johnson, is being introduced, with considerable 
pi-obability of its general adoption. In this process the ingots, after being ham-. 
mered to about five inches in diameter, are cut into pieces of suitable weight for a 
gun barrel, and punched in the same manner as has been described for the punch- 
ing of IJres. The blaoks so punched are heated and hammered, and then rolled 
over a mandril into a cylindrical tube about a foot in length, which is again 
heated and rolled over a mandril into a gun baiTel. This process forms the sub- 
ject of a patent, although it is difficult to find anything in the process which is 
novel, except, possibly, in its limitation to gun barrels. It is applicable, how- 
ever, either to cast steel or to Bessemer steel, the latter being generally employed. 

The Bessemer process is, of course, the great feature of our day in this de- 
partment; and in order that it might be treated in such detail as its importance 
demands, it was deemed by the committee b^t to make it the subject of a special 
report,, and this duty was confided to Mr. Fred. J. Slade, an American me- 
chanical engineer, who had already devoted several months to its careful study, 
in the interest of the American patentee. His report is hereto annexed, and 
will be found fully to justify the confidence of the committee in intrusling him 
with this important duty. I have verified the accuracy of his statements by 
extended personal examination, and it is only necessary for me to add one or 
two general conclusions at which I have arrived. The first is that the Bessemer 
process will not, as Mr. Bessemer originally snpposed, supersede the puddling 
process, which appears to be, as yet, the only method applicable to the con- 
version of by far the larger portion of the pig iron made into wrought iron ; 
because by lar the lai-ger portion of the pig iron made is of a quality not good 
enough for the Bessemer process, which, in the absence of sulphur and phos- 
phorus, is absolutely exacting. It is true that an antidote may yet be found 
for these two poisons, in which case the sirea of the Bessemer process would be 
enormously extended. But even then there would be a limitation to its general 
use (and this is my second conclusion) arising from the uncertainty as to tho 
. quality of each particular cast, requiring a special test for eaith in every case 
where it is to be subjected to great stifuas. But even whea this precaution is' 
taken, it is found that in the manufacture of tyres and of gun barrels there is a 
veiy considerable percentage of failure fi'om undiscovered flaws, which show 
themselves in the cracking of the ingot when subjected to the severe test of the 
Steam punch. Heuce, in my judgment, it is not safe to use Bessemer metal iu 
auy case involving the security of life or limb, unless, in the process of manu- 
facture, it has been subjected to such tests as will certainly show all its defects. 
■ I thiuk it is safe to use it for tyres and for gun barrels that have been made 
by the punching process, but I shoiild think it unwise to employ it for solid 
railway axles made in the ordinary way. If punched and made hollow, this 
objection would not apply, and doubtless it would not be difficult to devise a 
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method of making a aolid asle from Bessemer steel that would be free from ob- 
jection. 

In view of the small amount of Bessemer steel as yet pi-oduced in the United 
States, we are struck in Europe with surprise at the enormous provision made 
for ils supply ; and it is quite evident that the business is overdone, and, eoii- 
trary to all past experience, the inventor and the public at large seem to hove 
profited by its introduction at the expense of the juafaufaeturer. 

As an adjunct to the Bessemer process, the Parry process must he mentioned, 
having for its object the conversion, in a cupola farnace. of wrought iron which 
had been freed from phosphorus and sulphur by the puddling process into pig 
iron adapted for the Bessemer process. For this method of operation extensive 
works were erected at Ebbw Vale, but they have beea abandoned, and the 
patent has been purchased by Mr. Bessemer. 

This process would have very considerable value if the metal could be tapped 
from the cupola in the form of steel instead of pig iron; but this does not ap- 
pear to have been practicable, inasmueh as the product was a white pig iron, 
containing two per cent, of carbon. A charge of 22 hundred-weight was worked 
at a time, and required from 65 to 75 minutes for its treatment, which involved 
a waste of twelve per cent. It might possibly be used advantageously for the 
conversion of the ends of Bessemer rails into pig, in case they should evei be- 
come so' cheap as to warrant the operation. It might also be used for melting 
down the metallic sponge, which caa be made by cementation from om nth ores 
in America, but certainly without advantage in point of cost, unless the product 
should have qualities attainable in no other way. Tlie production of steel from 
the cupola furnace is still a desideratum to be attained, out among the possibili- 
ties of the future. 

A cai-eful study of the Exposition showed hat two other processes for making 
steel worthy of notice, and both French ; the one patented by A, Bei-ard and 
tried at the forges of Montataiie ; the other that of Emille and Pierre E. Martin, 
in operatioo at Sireuil. In both these systems cast steel is made in a reverber- 
atory fnrnace. In Berard's process the conversion of the pig iron into steel is 
sought to be achieved by subjecting the melted metal alternately to a decarbon- 
izing and recarboniziug flame, for which purpose it is necessary to employ blast. 
He useaa Siemens' furnace, arid avails himself of the changes of current required 
in working the regenerators to effect the changes- of flame. The furnace is 
divided by a bridge into two halves, and he thus operates upon two masses of 
iron at the same time, one of which is freshly charged, while the other contains 
material which is nearly decarboiiiaed. Some specimens of Berard's steel were 
on exhibition, and although ci-editable in themselves, it was aenerally under- 
stood that he had not yet succeeded in making steel regularly for market. The 
Messrs. Martin, on the contrary, were not only making Steel regularly at their 
own works at Sireuil, but the process is also in operation at two of the largest 
works in France — Le Creusot and Firmiay, and is in process of erection at 
various other works in Europe, and arrangements have been made for its imme- 
diate introduction into the United States. In this process the pig iron is 
deprived of its carbon by the addition of pieces of wrought iron or steel either 
in the form of shingled puddle balls, or of scrap. The quantity, however, of 
wrought iran niicessary to reduce the carbon to the required limits, is much Ifss 
than would be inferred, from the consideration of the quantity contained in the 
pig, and does not in practice much exceed the quantity of pig itself. A charge 
of gray pig or of apreigeleisen is melted in a Siemens' furnace', having a bed 
hollowed out to contain it, and is allowed to remain about half an hour after 
fusion to bring it to an intense white heat ; portions of malleable iron previously 
brought to a bright red heat ai'e then added in successive charges of about 200 
pounds, at intervals of twenty minutes to a half hour, each charge being^thor- 
oughly melted before the next is added. After two or three such additions, 
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ebullition commences in the bath of metal, and continnea till the carbon is 
wholly removed from the pig. The esact condition of the metal is ascertained 
from small proofs taken from the charge, af^er each addition of iron towards the 
end of the operation. These are ran into a email ingot mould, and when cooled 
to the proper heat, hammered into a plate, about A of an inch thick by 5 inches 
in diameter. When the decai-bonizatioa is completely effected these pi-oofs will 
bend double cold, and show a fracture quite fibrous. A quantity of pig, gen- 
erally of the same kind as was used for the preliminary charge, is then added . 
in snch proportion to the amount of iron in the fui-nace as to give the desired 
hardness to the steel, according to the use for which it is refl[nired. When this 
is melted the bath ia well stirred to insure homogeneity in its substance, and a 
final proof taken, which is treated in the same manner as the others and gives 
rehable evidence as to the state of the metal before pouring, This enables the 
quality to be very exactly adjusted to the degree of hardness required. Shonld 
it be too soft, more pig is added, while if it is too hard, the mere waiting from a 
quarter to half an hour will materially soften the metal. Argufng from this 
fact, Messrs. Martin claim that under the influence of such a high temperature, 
the carbon is to some extent spontaneously disassociated from the iron, and 
attribute in a measure to this the fact that so small a proportion of wrought iron 
is required to effect the decai-bonization of the pig. The coating of scale formed 
on the iron in the preliminary reheating which it undergoes "before being charged 
into the furnace, also assists in the removal of the carbon. When the metal has 
been brought to the desired condition, it is tapped off at the reai- of the furnace 
into ingot moulds placed on a railway car, and thus brought successively under 
the gutter. 

A considerable number of specimens of steel made by this process were ex- 
hibited, ranging in hardness from a metal too hard to be touched by a tool to a 
true wiought iron, intended to be used in the manufacture of armor plates. 
At Messrs. Martins' works, at Bireuil, the process has been in regular operation 
during the past two years for the manufacture of gun-bairels, and some remark- 
able specimens of these were exhibited. Thus there was one that had been 
tested with very large charges of powder and a heavyweight of shot, which, by 
very palpable bulging jusl behind the balls, testified as to the softness and 
toughness of the metal. In another, which had been burst by a similarly severe 
charge, the metal had merdy torn open for a certain length of the barrel, and 
the hps so formed were simply folded back ISO", without any sign of cracking. 
There were also shown specimens of tool-steel, of excellent fracture, castings of 
pieces of machinery, such as gears and framing, and a large tube for a cannon 
of extremely soft metal, or melted iron, as it is named. 

The hardest variety of metal, called by the patentee " mixed metal," is con- 
sidered suitable for eastings which do not require to be worked by tools, but 
where great strength is required, such as hammer blocks and anvils, large gears, 
&c. By a subsequent process of annealing or discarboniaation, carried on in a 
gas furnace, under Ihe influence of an oxidizing flame, these castings may be 
softened so as to be quite malleable and easily worked, and they then retain the 
advantage of being free from blow-holes. This metal is produced by adding to 
a preliminary bath of say 1,600 pounds of pig 2,400 of wrought iron, and adding 
at the end 1,200 pounds of pig. For tool-steel, to a bath of 1,600 pounds of 
gray pig would be added 2,600 pounds of puddled steel from the same pig, and 
at the end of the operation 400 to 500 pounds of spreigeleisen, For homo- 
geneous metal, the preliminary bath at Sireuil is 1,200 pounds of spreigeleisen, 
to which 2,000 pounds of soft iron, puddled to grain, from the same pig, is 
added, and at the end of the process 200 to 300 pounds of the same pig ia 
charged, to give the req[uisite amount of carbon. The softest metal of all, 
which, however, has not as yet been made an article of regular manufacture is, 
made in the same way, with the exception that the final charge of manganifet- 
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oua pig 1*8 but 5 per cent, of the contents of tlie furnace. With certain kinds of 
grey charcoal pig this proportion I'isea, however, to 20 per cent., since under the 
influence of the high temperature tliey refine spontaneously with great rapidity. 

Messrs. Martins' patents also cover the use of ore either with or in place of 
the wrought iron or steel used for removing the carbon from the pig. and when 
this is used the progress of the operation ia much more rapid. It has the ob- 
jection, however, that the slag formed attacks violently the bricks forming the 
sides of the furnace, and therefore requires frequent renewals. 

This process has the gi-eat practical advantage that all the scrap arising in 
the manufactureof any pi-odnct, such astheendsof bars, &c., is i-eadily remitted 
in the furnace and immediately returned to the form of useful ingots. 

The flame in the furnace is kept always slightly surcharged with gas; an 
effect which the use of the Siemens' furnace renders easy and certain, and by 
this means the waste of the metal is always moderate. 

For the production of soft steel suitable for gun-barrsla or for tyres, this metal 
already enjoys considerable reputation in Europe, and, indeed, were it not for 
its excellent quality, it would be impossible to sustain the manufacture at Sireuil, 
wbei'e there is neither iron nor coal, the latter being brought from England 
and the former from various parts of France. 

The results here stated were verified by a personal residence of Mr. Slade 
daring several weeks at the works at Sireuil, and the regular and commercial 
success of the process was in that way seen to be fully achieved. 

It is not Mserted that cast-steel can be made as cheaply by this process ■ as 
by the Bessemer ; but where a product of definite quality is to be produced day 
by day, without rejections to any considerable extent, the Martin process has a 
decided advantage over the Bessemer, and in compai-ison with the crucible steel 
is decidedly leas expensive. Its chief drawback would seem to lie in the dif- 
ficulty of keeping the furnaee in order, and only the most refractory materials 
will withstand the high heat required for its operation. As much as five tons 
of steel have been produced by this process at a single heat, and there is no 
difBcnlty in combining the product of several furnaces where lai^er masses are 
desired, inasmuch as the temper of the heat in each furnace can be brought and 
maintained to exactly the same standard. It- would seem also to present the 
best solution yet devised for the difficulty experienced by the accuaiulation ot 
the ends of Bessemer steel rails, inasmuch as these can be used in lieu of the 
puddled iron required by the process. It is possible, also, to use old rails in 
the same manner, and, indeed, any old scrap, but the resulting quality of the 
steel will, to a great extent, depend upon the quality of the old iren so used. 

A visit to the works of Messre. F. F. Verdi^ & Co., at Firminy, showed, in 
confirmation of facts gathered from other aourees, that the steel manufacture of 
France, instead of being in the advanced degree of perfection, often supposed in 
our country, has been but very moderately successful. These works were es- 
tablished for the manufactm-e of crucible steel and forgings on a rather large 
scale, but to-day the production of steel by this process has been entirely aban- 
doned, and with the exception of some puddling, all the steel now made is by 
the Martin process, for which three furnaces are now in operation and others in 
courae of erection. The same thing appears to be true at other works, and it is 
quite certain that no considerable amount of good cast ateel is produced in France. 
■ In order to enable a comparison to be instituted between a first-class Swedish 
iron and Bessemer steel, contiuning various degrees of carbon, I annex (Appen- 
dix C) the tabulated results of a series of experiments made by David Kirkaldy, 
at his well-known testing and experimenting works in London upon eleven bars 
of billet iron from the Degerfors iron works in Sweden, and twelve hammered 
bars of Fagersta Bessemer ateel of various degrees of hardness, resulting from 
different percentages of carbon, which are indicated by the stamp on the bars ; 
that ia to say, 0.3 means three-tenths of one per cent, of carbon, 1,2 means one 
per cent, and two-tenths, and in like manner for intermediate stamps. 
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WORKS FOR THB PHOBUCTION OF IRON AND STEEL. 

The description of the large masses of ateel and iron exhibited in the Expo- 
sition has kd. iacideutaUy, to an account of the magaitude of the iron works of 
Krupp. But this report would fail to give an adequate idea of the magnificent ■ 
Bcale upon which the metallurgic indnstry of Europe is conducted at the present 
day, if reference ahould not be made to other establishmeiita in otber countries. 
In France the most extensive works are those of Le Creuaot, Dear the centre oi 
the empire, which is especially eonimended in the report of the jury of re- 
compense for oi^anizations which best develop a good understanding between 
masters and workmen, and secure the jnaterial, mora! and intellectual welfare 
of the operatives. 

In 1845 the product of Le Creuaot was about 60,000 tons of coal and 4,000 
tooa of iron. At the present time the production is S50,000 tons of coal and 
130,000 tons of cast iron and 110,000 tons of wrought iron. The works 
cover an area of 300 acres, of which more than 50 a«i-es are buildings, in which 
mechanical operations are carried on. The coal is mined in the immediate 
vicinity, and the quantity of ore which the region now furnishes ia stated to be 
300,000 tons per annum, but my impression is thatthisineludeaalai^e quantity 
brought from Algiers and Elba. There are fifteen blast furnaces of large di- 
mensions, fed by 160 coke ovens, and using the blast of seven blowing machines 
of 1,350 horse power, and ten other engines for other purposes. The forgo con- 
tains 150 puddling furnaces, eighty-five heating furnaces, forty-one separate 
trains of rolls, thirty bammera, aighty-five steam engines of 6,500 horse power 
in the aggregate. This mill is all under one uniform roof, made of iron, and ia 
about 1,400 feet in length, and is altogether in appearance and eooatruction the 
most complete rolling mill in existence. And it is a remarkable evidence of the 
intelligence and courage of Meaara. Schneider & Co., the proprietors, that within 
the last few yeara they have deliberatuly abandoned their old works and ma- 
chinery, and erected an entirely neiv establishment, in order to avail themselves 
of all the modern improvements in machinery and process. The machine shops 
require engines of 700 horse power for their operation, and contain twenty-six 
hammers and 650 working took. Tho total number of workmen employed is 
9,950, being by a remarkable coincidence the precise number of horse power 
represented by the steam engines in the works ; that is t« say, each man employs 
a machine power of one horse in addition to his own labor, showing the wonder- 
ful extension of human power which in onr day has been realized oat of the 
steam engine. Forty-five miles of railway, fifteen locomotives and 500 cars 
are required for the local operation of the works, and the enormous quantity 
of 1,400,000 tons of traffic is annually moved at the central depot of Le Oreusot, 
All paits of the works are in communication by telegraphic wire. The total 
valne of the productions is now about 367,000,000 per annum in gold. 

On the whole these works may be regarded as the best model offered by Eu- 
rope for the study of the iron business as it ia, and they ai-e not only an honor 
to the proprietors, but one of the chief glories of France. 

The works of Petin, G-audet & Co. are distributed among several establish- 
ments; which in the aggregate employ 5,200 men and a steam power of 6,000 
horses. The annual production is about 50,000 tons of ii-on aiid steel, of the 
value of SS7,000,000 in gold. 

There are several other estabhshments in France which approach very nearly 
to these lai'ge proportions, and considering the disadvantages in point of fuel 
and ore under which the business is carried on, as compared with Belgium and 
England, the present development of the iron industry of France, amounting to 
an annual product of 1,200,000 tons of pig iron and about 800,000 tons of wrought 
iron, is one of the most striking features of the industi-ial progress of Franco 
during the present century. 
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In Belgium the iron iuduatry haa made remarliably rapid strides, the pro- 
duct of pig iron having advanced fi-om 134,363 tons, in 1S45, to 449.875 tons, 
in 1864, and there are many estahliah men ts in Belgium organized on a scale 
comparable to the heat works in other countries. That of Oockerill at Seraing, 
in which the government ia directly interested, produeea 50,000 tons of pig iron, 
26,000 tons of bars, and 5,000 tona of ateel annually, consuming 80,000 tons of 
coke and 1,46,000 tons Of ore, and mining 360,000 tons of coal. 

Ia Prussia, the worka of Krupp have already been referred to, and there are 
many other extensive establish menta organized upon the best principles of 
modern construction. 

The Phcenix works near Ruhrort, for example, produced during the last year 
over 50,000 tona of pig iron and 40,000 tons of wrought iron, with 11 blast 
furnaces and the corresponding number of puddling furnaces. The total pro- 
duction of iron ore in Prussia, for the year ending 1865, was over 1,700,000 
tona, which represents a production of iron of about 770,000 tons. In England 
there are many worka approaching in capaciiy to Le Creuaot, among wldch may 
be enumerated the UowJais and Ebbw Vale in South Wales, those of Bolckow, 
Vaughan & Co., in the Cleveland region, and of tlie Barrow Hematite Iron and 
Steel Company at Barrow-in-Furness, and of John Brown & Co., at Sheffield. 
A production of 2,000 Eons per week is achieved in each of theae vast eatab- 
lishmenta. Large towns are required to houae the workmen and their families ; 
hundreds of miles of rails and thousands of cars are appropriated to their spe- 
cial use. The human mind is lost in wonder at the combination of material 
and intellectual elements requiied for the organization and conduct of such 
gigantic operations, and standing in the presence of tools which seem formed to 
shape the universe, and of an artificial power which, in the aggregate, is too 
vast for any other estimate than by comparison with the force which moves the 
earth in its orbit, the triumph of man over matter is realized to an extent making 
it possible to comprehend in some degi'ee the omnipotence of Deity himself. 

One striking consequence of the vast siae which has been given to particular 
worka ia their general transfer from individual ownership to that of stock com- 
panies ; and althongh this transfer is not considered favorable to the economy of 
manufacture, the saving produced by production on so large a scale would seem 
to counterbalance the advantages in point of cost which are connected with 
individual ownership. Nor is this feature of association of ownership peculiar 
to any one country, but may be said to be the general rule in all. In England, 
owing probably to the business being overdone, none of these companies can 
be said to have achieved a pecuniary success, and the shares of all of them are 
at a considerable discount. This fact, producing profound diaaatisfaetion on the 
part of the owners, coupled with the feeling of restlessness and discontent with 
their wages among tiie workmen, has paved the way for the consideration and -, 
discussion of the problem, whether in these large establishments the true rela- 
tions between capital and labor have been established, and in what way they 
may be placed upon a sounder basis, avoiding the ever recurring contention 
between masters and men, which culminates in strikes injurious alike to both 
classes. The question haa already atepped beyond the limits of private discus- 
sion, and governmental commissions are now investigating both in France and 
in England the facts and the principles upon which the organization of labor 
rests at this day, the points in which there is a collision between it and capital, 
the wrongs, if any, upon either side ; with a view to such legislation as may 
render. the march of industry regular, and profitable to all concerned. In some 
establishments engaged in the raining of coal and other branches of industry, 
outside of the iron business, the system of co-operation, as it is termed, haa been 
introduced, with manifest advantage. But in ail these caaea the buainesa ia 
a profitable one, and has never yet been aubjeeted to the strain which will 
attack the system when it is forced to deal with losses instead of profits. 'I'he 
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general plan adopted in tliese co-operative establislimenta, such aa Grossley's 
great carpet factory in England, is to reserve to the cajjital a fixed rate of inter- 
est, as higli in some cases as 15 per cent, per annum ; next to pay to the work- 
men a fixed rate of wages, being usually those which were \n force at the time 
of the inti-oduction of co-operation into the works, and to divide the surplus, if 
any, between capital and labor, on such terms as may be agi.'eed upon, but nsa- 
ally in proportion to the amount of each employed during the year. There is 
a wide difference of opinion as to the practicability of introducing this system 
into the iron business, and there is a fear that it would not stand the trial to 
which it would be anbjected in the long periods of depression to which the iron 
trade has hitherto been invariably subjected, and from which the co-operative 
system would not relieve it, because there would still be the same competition 
between the several co-operative associations, and the several nations, as now 
exists. Under the present system the capital is the firet to lose its profits, and 
then comes the reduction in the wages of labor. Under the new system the 
reduction would fall firat upon labor, or in strict equity there would be the same 
percentage of reduction upon the earnings of capital and labor. It is feared 
that the laborer would not look with content upon any reward to capital under 
such circumstances, and that the old warfare between the two would thus be 
renewed. 

On the other hand, it is believed that by the obvious harmony thns estab- 
lished between the interests of capital and labor, the latter would bo led to see 
that the co-operation of the former is indispensable for the payment of wages at- 
all, and that any attack upon capital or any diminution of its quantity would 
be a direct attack upon labor, by depriving it of the fund out of which it is paid, 
and that the conservation of capital would thus become so apparent as the high- 
est interest of the laboring class that strikes would cease, and even in bad times, 
from the steady employment thus insured, the labor would be better paid than 
under the present intermittent system. It is urged, moreover, that the personal 
interest t!>us excited in the workman would lead to greater economy in the 
manufacture, and bring down all waste to the minimum, and that it would be 
possible to establish sueh intelligent relations among the owners and workmen 
of the several co-operative establishdientB, that over-production would be checked 
by common consent, in time to prevent the serious losses to which it now sub- 
jects the industi-y of the world. It is quite certain that this latter end is 
achieved in an imperfect degree even in present practice. In Scotland the 
number of ftirnaces in blast during the present year has been very considera- 
bly reduced, with a corresponding reduction in the enormous stock of iron 
which had weighed down the prices below the cost of production. In France, 
by a reaolntion of the Ironmasters' Association, a reduction of six per cent, was 
inaugurated in the early part of the present year, and there is a general recog- 
nition of the necessity and wisdom of this course in times of over-production 
among the iron-masters of Europe. And it is impossible to see that there would 
be less discretion exercised, or a less prompt remedy applied, if the workmen 
had such a direct relation to the business as to enable them to feel that it 
would be better to work less days at the old rate of wages, than more days 
at a reduced rate, producing precisely the same pecmiiary result. 

No intelligent observer can fail to remark the universal cry which comes 
up from the laboring classes in all parts of Europe for the reorganization of 
the relations of capital and labor. In England it has shown itself in strikes 
long continued, and in all branches of business reducing the workmen to 
beggary, and destroying the profits of capital to such an extent that, in a 
spirit of self-preservation, it takes flight where it can from the walks of in- 
dustry, and remains naemployed rather than incur the risks and the anxiety 
of its uses in active business. In France, wliere, as will be hereafter seen, the 
organization of a strike is full of difficulties, the same longing manifests itself. 
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not merely in tlie organization of minor co-operative asBociationa for the supply 
of tbe neceaearies of life, the erection of honsea, and tbe produetioa of goods, 
bnt in a literature wliieli seeks to analyze the social phases of industrial life 
and develop some better system for its reorganization. In the conrse'of this 
almost microscopic examination of the social relations, property has heen pro- 
nounced to be robbery, communism has beeu advocated as the remedy for all 
the social evils, and the autonomy of the individual lost sight of in the attempt 
to promote the welfare of mankind. 

In Germany, on the other hand, under the practical j^uidance of Schultae 
Delitcb, there have heen established, up to the year 1865, one hundred and 
eighty associations, with about ten thousand members, for the supply at 
wholesme prices of the raw material required by the members of tbe associa- 
tion in their several trades. These associations consist principally of shoe- 
makers, carpenters, and tailqrs, and their business amounts to about two 
million thalers* annually. There were fifty " magazine" unions, comprising 
about one thousand members, and doing a business of about five hundred 
thousand thaiers annually, having for their object the sale of goods pro- 
duced by the members of the association in a common store. There were also 
twenty-six co-operative associations for the production and sale of finished 
wares on common account, some of which appear to have been successful, 
while others have failed to realize the expectation of the members; and as 
this is the only feature of the Scbultze Delicch system which has not proved 
successful, it is well to note that all the associations were organized independ- 
ently of any existing business or capital employed in its conduct. They pro- 
ceed upon the basis of disaesociation from capital, as such, in the management of 
the business, and although the founder still expects to achieve successful results 
with associations formed on this basis, it would seem to be too wide a depart- 
ure from the experience of mankind in all times to dispense with tlie watchful- 
ness and patient scrutiny with which capital guards itself from destruction. Of 
co-operative stores there were, in 1865, one hundred and fifty-seven. These are 
said to have been of slow growth at first, but are now rapidly extending. But 
the great success of Schultae Delitch has been in the orgajiization of his ci-edit 
and loan associations, of which, in 1865, there were thirteen hundred in esist- 
euce* with more than three hundred thousand members. These " credit banks," 
as they are commonly called, are formed by the workmen themselves, who are 
supposed to be without any capital of their own. The capital of the bank is 
procured by the subscriptions of the members, payable in iusta.lments, and by 
loans contracted on the credit of the association. Of course the share capital 
can only be slowly accumulated, but experience has shown that loans made to 
the association ore quite safe, because each member is absolutely liable for all 
the debts, and the funds of the bank are only loaned to its own members, 
within hmits restricted by the nature of the business to be cai-ried oa by the 
borrower, and after a rigid scrutiny of his character. The cardinal rule in the 
conduct of these banks is to take the minimum of risk and the maximum of 
responsibility. This report is not the proper place to enter into the history 
. and details of management in these credit banks, bnt in order to show the 
progress of the co-operative movement in Europe, I append a brief statement 
of file business of 498 of these banks, whose statistics happen to be acces- 
sible. These banks had 169,595 members, and the total amount of money 
advanced to them during the year 1865 waa 67,569,903 thaiers, or, in round 
numbers, $50,000,000 in gold. The total income of these banks, mostly, of 
course, in interest paid by borrowers, was 1,401,896 thaiers, of which 699,558 
thaiers was paid for interest by the banks on money which they had borrowed, 
and 316,403 thaiers was absorbed by the e.tpenses of management. The total 
losses were 20,566 thaiers, and the net profits were 371^735 thaiers. The 

'Each about seventy-fire cents in gold. 
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share capital aeMimulated by these baaks amounted to 4,442,879 tlialera, the 
borrowed capital amounted to 11,154,579 thalers, and the savings deposits of 
the members amounted to 6,502,179 thalers, and a reserve fund of 409,679 
thalera had been accumulated to meet losses. Wben it is remembered that 
these banks were started by workmen without any capital, and it is observed 
that the aecumulatiotis of capital, deposits, and reserve funds, exceed 11,000,000 
thalers, or $8,000,000 in gold, the beneficent operation of the principle upon 
■which they are founded will be appreciated, and some conception may he formed 
of the wondecfnl economy which will be introduced into the industry of the 
world when it becomes the interest of each man not only to produce the beat 
possible result from his own labor, but to see that his fellow-workman does the 
same thing. In such a reorganization of industry the eye of the owner will be 
literally everywhere, and the loss either of time or of material will become 
almost impossible. This topic of co-operation is introduced here because in 
the Exposition there were constant evidences not merely of its importance, but 
of its becoming the leading social question of our day and generation. A spe- 
cial prize was constituted iu favor ■' of persons, esUblishments, or localities 
which, by an organization of special institutions, have developed a spirit oi 
good feeling between those who co-operate together in the same labors and 
have secnrad the material, moral, and intellectual welfare of the woijsmen.' 
Although Schultze Delitch was not an exhibitor, and no application for this 
prize was made on his behalf, and the special jury who had this order of reeom- 
. pense in charge bst the great opportunity of making themselves illustrious by 
voluntarily recognizing the greatest benefactor of the human race in our day, 
the labbrs of Schultae Delitch a;nd the xncee^s which has attended hw system 
based as it ia upon a profound knowledge oi human naiuie and the laws ot 
social science, wijl survive the memory of the Expo ition and eiec this monn 
ment in the reorganized structure of modem society 

In the United States, strange to say we lack the legislation eithei national 
or State, which makes it possible to introduce the co opnative aj stem in any ff 
the forms which the experience of Europe has shown to be piacticable. In most 
of the States it is true that there are general laws of incorporation, but these do 
not meet the case in which a proprietor wishes tfl divide the profits with his 
workmen without making them partners, or giving them a voice in the manage- 
ment of the business. It is a subject which demands immediate attention, it it 
is expected to prosecute the iron business, or any other branch of industry, with- 
out the perpetual recurrence of strikes : and ia order that the experience of older 
nations may be availed of, I have added to this report in an appendix (D) a 
ti-anacript of the Prussian, French and English laws on this subji^cE. 

PRODUCTION OF IBOJJ. 

Originally the geographical position of the ore, and the natural avenues of 
transportation, determined the establishment of iron works, when the fuel era- 
ployed was wood, which waa to be found everywhere. But the demands ot 
modern civilization soon outran the narrew bounds imposed by the supply of 
charcoal, and in our day, the controlling element in the production of iron is the 
possession of mineral coal. And, throwing out of consideration the moderate 
quantity of ii-on stiil pi-oduced by charcoal, the iron business in Europe is found 
to be developed substantially in proportion to the quantity of coal possessed by 
the respective countries. A glance at the geological map of the world shows 
that within the limits of temperature favorable to active mdustiy, the deposits 
of coal are widely distributed throughout Great Britain and the United States. 
In France there is but a limited ai'ea, and of iiTCgular formation. In Belgium 
there ia a lai^r coal field, but in veins of very moderate size. Iu Prussia, in 
■ the neighborhood of the Ithine, there is a small but valuable deposit of coal. 
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while in BnBsia there is a considerable cai-boniferoua area, the ultimate value of 
which is not yet very well determined. The productive powers of these several 
coal fields are now pressed to limita approaching very nearly, if not quite to 
their ultimate capacity. In Great Britain the production in 1866 reached 
101,630,500 tons; in France, between 11,000,000 and 13,000,000 tons; in 
Belgium more than 12,000,000 tons; and in Prussia, in 1865, 18,000,000 tons 
were produced. The statistics procured at the Ksposition have enabled me to 
construct the following table of the production of iron in the woild in 186b and 
there is every reason to believe that the figures given are luhitantnllj coir ct, 
as PBtimates were resorted to in only one or two caaet, and those b^sed upon 
former official returns : 



Counttiea. 


Pig 1, OIL. 


Wrpught iron. 




4,530,051 
1,200,330 
500,000 
800,000 
312,000 
226,676 
408,000 
75,000 
30,000 
15,000 
250, 000 
1.175,000 


3,500,000 






400|000 
400,000 
200,000 
14H,392 
350,000 
50,000 
20,000 
JO, 000 
200,000 
883, 000 


























9,322,047 


T, 005, oae 



Allowing for the production in barbarous countries, and something for the use 
of scrap iron, it may he stated in round numbers that the production, and conses 
quently the consumption of the world has reached 9,500,000 tons of 2,240 pound- 
eaxih, or 21,280 millions of pounds ; so that if the population of the world has reach- 
ed 1,000 miUions, a consumption of a little over twenty pounds of iron per head. 
■A careful calculation, after allowing for the iron exported, shows that the consump- 
tion per head in England is 189 pounds of iron. The consumption in Belgium has 
reached about the same limits. The consuraptiQn in France is 69 J pounds per 
head, and in the United States not far from 100 pounds per head. If the indastry 
of the whole world were as thorongbiy developed as it is in Great Britain, the 
consumption of iron would reach nearly 90,000,000 tons per annum. If brought 
to the standard of the United States, a little loss than 50,000,000 tons per 
annum would answer ; or if to that of France, a littleovei 30,000,000 tons would 
be required; figures to be increased further by the steady increase of nonulation 
in the world. ^ ^ 

It will be interesting, therefore, to inquire into the sources of future supply 
possessed by the nations upon whom this great demand must come. 

Sweden possesses exhauatless sapplies of the very richest and best kinds of 
primitive ore, but she has no coal, and a heavy expense for transportation must 
be incurred in bringing eoal and ore together, and, as a general rule, it is found 
more economical to transport the ore to the coal than the coal to the ore. The 
limits of the manufacture of iron hy wood have long since been reached, and hence 
Sweden can only be looked to as a source of supply of ore to other countries 
possessing mineral fiiel when their iron mines are too heavily drawn upon. 
' In BuBsia,'also abounding in immeasurable supplies of ore, there is a possi- 
bility, but not much probability, that mineral coal may he developed to an 
extent sufficient for its own supply of iron. The production of charcoal iron ia 
also capable of some, but not of indefinite extension, 

PES 
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The same remark applies to Auatiia aud the statea of the Zollyereiii. In 
Italy there is no coal, and hence its rich ores are in the same category as those 
in Sweden, only far less ahundant, Algiers abounds in ore, which has to be 
transported to the coal. Spain is rich in ore, and has a carboniferous formation 
on its northern horders, but no attempts have been made to render it available 
for the production of iron. In France the present manufacture of iron is only 
maintained by the aid of the importation of coal to the extent of over 7,000,000 
tons, and of 495,000 tons of iron ore in 1867. 

In Belgium, the size of the coal-field, the vertical character of the veins, and 
their small thickness, render it impossible that there should be any very consid- 
erable extension of the hueiness, at least if the supply is to endure for any pro- 
tracted period. Already it is estimated that Belgium produces as much coal as 
France, two-thirds as much as Pmssia, and one-eighth that of Great Britain, 
out of a coal-field only ninety-seven miles in length and twelve miles in 
breadth at its widest point, and in veins of from thirty inches to three feet ihick. 
Belgium is already an importer of ore, and although it ia quite evident that it 
will he the seat of a vigorous and possibly increasing metal industry for years 
to come, it has no resources adequate for serious competition in the supply of 
the greatly increased quantities which the world will yet require. 

Prussia has a somewhat larger supply of coa! than Belgium, and it is remark- 
ably rich in quantity and quality of its iron ores, but it is scarcely possible that 
in the ftiture she can do more than supplyits own wants. Upon England, then, 
so far as Europe is concerned, still rests the great burden of supplying the world 
with iron, if the supply is to come from Europe at all. It has been seen that 
already nearly one-half the total consumption of the world comes from within 
her borders. In 1866 she was able to furnish 9,665,013 tons of iron oi-e, and 
only imported 56,689 tons. 

A careful survey of the sources from which her ore is derived leads to the con- 
elusion that iu Wales the local supply is not adequate to the present consurription, 
and large quantities are transported thither from other parts of the kingdom. 
The natural limits of production have therefore been reached in Wales, although 
there will probably be a still further extension of the business in that region 
either with domestic or foreign ores, in consequence of the possession of enormous 
supplies of admirable coal available for the furnace without coking. The Staf- 
fordshire region, by common consent, has reached its culminating point; and a 
eareiul consideration of the local supply of carbonaceous ore in Scotland would 
seem to indicate that not much extension of the business is possible in that region, 
except at much higher prices than now prevail. The main reliance in Scotland 
has heretofore been uponita hlackband iron ore, "and the development of its iron 
trade has been co-extensive with the explorationof that famous mineral, furnaces 
following everywhere in the wake of its discovery. The clay hands are in such 
small seams, and of such irregular character, that the business would soon lan- 
guish and ho greatly reduced if dependent upon them alone. The thickest and 
best seam of blackband, commonly called tlie ' airdrie,' is now substantially 
exhausted, and the reliance is onseamsof no greater thickness than eight inches. 
Blackbands are notoriously irregular, and are not found uniform in thickness ; 
for example, the Airdrie blackband occupies but a Small portion of the space 
allotted to it in the Lanarkshire coal-field. A more notable example of caprice 
of hlackband is to be found in the slaty band, which occurs occasionally in 
patches of irregular thickness, sometimes sjx inches and sometimes six feet in 
thickness; but there is always something to mark its position, either a coal or 
iron stone. Indeed, all the iron stones in all portions of the coal-field are erratic. 
They are persistont throughout in no field, yet it is a singular fact that we have 
in all the fields blackband iron stone." This extract from a paper of Ealph 
Moon, government mining inspector in Scotland, is made for the double pur- 
pose of showing how impossible it is that there should be any considerable in- 
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creaae in tLe annual prodnct of Scotch irou unless foreign ovea are brought to 
utilize the unlimited supplies of admirable coal which exist in that country ; hut 
with the further object of giving some informatioa, wliich may be of use in the 
development of the biackhand iron ore which have been recently discovered ia 
, Schuylkill county, in Pennsylvania, the value of which to the country can hardly 
be exaggerated, if it should prove to he in ijnantity and quality equal to its British 
prototype. An analysis of the beat Scotch ore ia here annexed — rather out of 
pUce, but too valuable as a guide to he diapenaed with ; 

Raw. Roasted. 

Protoiide of Iron 49.82 27.10 

Peroxide oficon 60.1 

Lime J 67 2.7 

Magnesia 2.33 3.8 

Alumina Lo3 2.4 

Silica 2.40 3.9 

OrRanic matter 7.t50 

Moisture ~ 0.32 

Carbonic aefd ,.- 34.34 

100. 00 100.00 

Iron, per cent 38.75 63.1 

BpeiMC gravity - 2. S57 

There still jemains upon the east coast of England the great Cleveland region , 
and upon its west coaat the Cumberland or red hematite region. The latter is 
now yielding about 1 ,400,000 tona of ore per annum, taken from beds of irreg- 
ular shape and formation, in or adjacent to the limestone. There are certainly 
no signs of exhaustion yet apparent iii this wonderful district, but all analogy 
leads us to doubt the permanency of these irregular beds, formed ip pockets in 
the rocks, without any regular walla to indicate their continuity. Besides, the 
extremely good quality of this ore and the value of the iron which it produces 
will always restrict its uae to those better purposes for which a high price is paid, 
and naturally withdraws those miues from^ any competition in the supply of the 
great mass of iron required hy the world for ordinaiy purposes. Not so, how- 
ever, with the Cleveland region, where the ores exist in beds of from eight feet 
to fifteen feet ia thictnesa, in the lias or oolitic formation, extending over a tract 
of country forty miles ia length and fifteen miles in width. This ore is lean and 
the quality of the iron inferior, but by the application of a high order of skill, 
a quality is produced aufficiently good for the ordinary purposes of commerce, 
and at a cost below that of any other locality in the world. The consequence 
has been that, since the erection of the first blast furnace in 1850, 125 furnaces 
have been erected, and fourteen more are now in process of erection ; twenty- 
seven rolling mills, and a large number of foundries and iron ahip-huilding yards 
are in operation, and cities have grown up with a rapidity and to a size that 
would strike even a western pioneer with surprise. The present production 
exceeds a million of tons per annum, and it is difficult indeed to assign any limits 
to its future growth. But there is one limitation which applies to the whole 
question of the production of British iron, and that is, her ability to supply coal 
on the scale of consumption already beyond 100,000,000 tons per annum. Thia 
question has- received the serioua attention of the British Association for the 
Advancement of Science, and Mr, Gladstone, by one of those happy ellipses 
chai'acteristic of men of geuiua, has coupled the extinction of the national debt 
with the exhaustion of the suppliea of fuel, evidently acting under the idea that 
an honest man ought to pay his debts while his capital lasts. It ia presumed, 
however, that there is still margin enough for the addition of the "Alabama 
claims" to the anm total of indebtedness, without seriously interfering with 
the means of payment which the coal-fields afford. 

So far as the production of iron is concerned, and so long, at least, as any human 
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being now in exietence may have an interest in the question, I aee no good reason 
to doubtwliy England ahould not maintain her position, as the source from which 
one-half the required amount will be obtained ; but beyond this I do not think that 
she can or will go, from the intrinsic difficulties of prodncing the required sup- 
ply of materials and labor, without an enormous increase of cost. There will, 
■ therefore, remain a very lai^ deficiency, which must be supplied from some 
other source, and that source can only he the United States of America, for in 
no other quarter of ihe globe are the supplies of ore and coal sufficiently large, 
or so relatfld to each other geographically as to admit of its production, not 
merely within reasonable limits of cost, but on any terms whatever. 

The poeitioD of the coal measures of the United States saggests the idea of a 
gigantic bowl filled with treasure, the outer rim of which skirts along the Atlan- 
tic to the Gulf of Mexico, and thence returning by the plains which lie at the 
eastern base of the Koeky mountains, passes by the great lakes to the place of 
beginning, on the borders of Pennsylvania and New York. The rim of this 
basia is filled with exhaustless stores of iron ore of every variety, and of the 
best quality. In seeking the natural channels of water communication, whether 
on the north, east, south or west, the coal must cut this metalliferous rim, and, 
in its turn, the iron ores may be carried back to the eoal, to be nsed in con- 
junction with the carboniferous ores, which are quite as abundant in the United 
Stales as they are in England, but hitherto have been left unwrought, in conse- 
qnence of the cheaper rate of procuring the richer ores from the rim of the basin. 
Along the Atlantic slope, in the highland range from' the borders of the Hudson 
river to the State of Georgia, a distance of one thousand miles, is found the 
great magnetic range, traversing seven entire States ia its length and course. 
Parallel with this, iu the great limestone valley which lies along the margin of 
the coal field, are the brown hematites, in such quantities at some points, es- 
pecially in Virginia, Tennessee, and Alabama, as fairly to stagger the imagina- 
tion. And, finally, in the coal basin is a stratum of red fossiliierous ore, begin- 
ning ill comparatively thin seam in the State of New York, and terminating in the 
State of Alabama, in a bed of fifteen feet in thickness, over which the horseman 
may ride for more than one hundred miles. Beneath this bed, but still above 
water level, are to be found the coal seams, exposed upon mountain sides, whose 
flanks are covered with magifieeiit timber, available either for mining purposes 
or the manufacture of charcoal iron. Passing westward, iu Arkansas and Mis- 
souri, is reached tliat wonderful range of red oxide of iron, which, i« mountains 
rising hundreds of feet above the surface, or in beds beneath the soil, culminates 
at I^e Superior in deposits of ore which excite the wonder of all beholders ; 
and returning thence to the Atlantic slope, in the Adirondacks of New York, is a 
vast undeveloped region, watered by rivers whose beds are of iron, and traversed 
by mountains whose foundations are laid upoa the same material ; while in and 
among the coal beds themselves are found scattered deposits of hematite and 
fossiliferous ores, which, by their proximity to the coal, have inaugurated the 
iron industry of our day. Upon these vast treasures the world may draw 
its supply for centuries to come, and with these the inquirer may rest contented, 
without further question, for all the coal of the rest of the world might be de- 
posited within this iron rim, and its square miles would not occupy one quarter 
of the coal area of the Unif«d States. 

With such vast possessions of raw material, we are naturally brought to the 
consideration of the elements which enter into the coat of producing iron in the 
United' States, as compared with the other iron producing countries of the world. 
And first, the distinction must be drawn between the cost determined by the 
quantity of labor expended in the production of a toa of iron, and the cost in 
money as determined by the price paid for the labor. The former is the abso- 
lute and natural cost, and is the only jnst standard of comparison between na- 
tions, if uatioiial wealth is defined to be the amount of capital in existence, plus 
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the amount of labor available for production. The other ia the artificial or acci- 
dental cost, of which, indeed, we may take advantage in our buying or selling, 
hut forming no jnst standard of eompariaon in estimating the Relative coat of 
production, in different eotmtriea. There is a difference, familiar to all in the 
United Stales, between the coat of articles measured by gold or by currency, 
which makes it, for the time, easy to understand the difference in cost measured 
by money or by day's labor. 

England, having the largest and most accessible stores of coal and iron ore, 
can produce a ton of iron with leaa labor than any other European nation ; and 
hence it will be most profitable to institute the comparison of cost meaanred by 
labor, first, with Great Britain. In the Cleveland region, which is moat favor- 
ably situated fur the cheap production of iron, the coat of producing a ton of 
pig iron is about forty shillings, which, at the average rate of wages paid around 
the blast furnace, ia equivalent to eleven days' labor — that is to aay, the labor 
of eleven men for one day. It is possible that in one or two worka this may be 
reduced to ten days, but in others it rises to twelve or thirteen. In the United 
States, the cheapest region for the maaufacture of pig iron, as yet extensively 
developed, is on the Lehigh river, in the State of Pennsylvania, where, taking 
coal and ore at their actnal coat isf mining, pig iron is produced at an average 
cost of SS4 per ton, which repreaents, at the present rate of wages, the labor of 
about thirteen daya. But when the iron business is established along the great 
valley which extends from Virginia to Alabama, the labor of bringing the coal 
and ore together will he considerably less than on the Lehigh river, and it is 
safe to say that there iron can be made in any required quantity, when the 
avenues of communication are sufficiently opened, with as little labor, to say the 
least, aa it can be produced ia the Cleveland region. Ia France, Belgium, and 
Prussia, each now requiring a larger expenditure of hnman labor to produce a 
ton of iron than is required in England, there are no sncb possibilitiea of reduc- 
tion, because every year their ore ia becoming more expensive, and the coat ot 
mining coal will increase more rapidly than in England, in consequence of the 
size and character of the veins. Hence follows the deduction that, if France, 
Belguim, and Germany, are to compete with England in the open markets of the 
world, the competition can only be maintained by the payment to labor of a 
lower rate of wages ; or, to state it in another form, the greater the natural ad- 
vantagea possessed by a country for the production of iron, the larger will be 
the rate of wages paid to the workman ; and this is found to be verified bj ex- 
iating facts. 

Pwm the statement published by Schneider & Co., at Le Crensot, it appeal's 
that the average rate of wagea paid in 1866 was as foUows : 

Ore miners 3. 33 

Coal miners 3. 25 

Blast furnaces 2. 95 

Boiling mill 3. 83 

Machine shops 3. 40 

Miscellaneous 3. 03 

Aud the average price paid for the whole of the ten thousand workmen em- 
ployed at this great estabiiahment was 3.45 iranca per day. 

Unfortunately the rates paid for the specific branches of work are not speci- 
fied, but at the iron works at Sireuil this information has been procured in 
detail : 

Francs per day. 

Common laborers 2. 50 

Puddlers 8. 00 

Puddlers' helpers 2-.'^0 
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Francs por day. 

Puddle rollers 5. 00 

Shinglers 5. 00 

Healere 7. 00 

Heaters' helpers 2. 50 

Finishing rollers 6 to 7 

MachiDists 3to3,50 

ElacksraJtlis 

Masons , 5. 00 

In goutb Staffordflhire, in 1866, the following rates were paid, as shown by 
the official returns published by the governmeat r 

Pet day. 

Coimnon laborers 2*. Gd. to 3s. Qd. 

Puddlers 7 C to 7 10 

Puddlera' helpers 3 6 to S 11 

Puddle rollers 9 



Heater helpers 3 6 

Finishing rollers 11 

Shinglers 9 to 15 

Machinists i to 16 

Blacksmiths 4 to 5 

Masons 7 6 to 8 6 

A comparison of these two tables will show that, for every franc paid ia France, 
there is more than a shiltiug paid in England, and this corresponds with the 
general statement made by M. Schneider to me at Le Creusot. Assuming a 
little more than a shilling to the franc, 3*. 6d. per day would appear to be the 
average rate of wages paid in England for labor in iron works of all kinds, 
skilled and unskilled, and in no part of England does it exceed 4«. 

In Belgium, according to Creed & Williams, in the coal mines the following 
wages are paid. 

Per day. 

Common laborers 1«. Gd. to 2s. &d. 

Loaders of coal 2 6 to 2 11 

Woodcutters 2 6 to 2 11 

Wood or tree setters 3 1 to 5 

Miners 2 11 to 4 2 

Exeeptionai men 5 to 6 

At the blast fuinaces: 

Fillers 1 1 to 2 1 

Box fillers . . .■ 1 4 to 1 8 

Common laborers 1 5 to 1 8 

Furnace keepers 2 1 to 2 11 

In the rolling mill : 

Puddlera 4 2 to 5 

Helpers 3 3 to 3 1 

Eollera 4 2 to 5 10 

Helpers i 3 4 to 4 2 

Shearers ; 110 to g 6 

Common laborers' 1 5 to 2 1 

A companson of these tables shows that the rate of wages is higher in Great 
Britain than in Belgium, and in France, being certainly in the order, and probably 
nearly in the ratio, of the natural advantages of these countries for the production 
of iron; and thjs view is confirmed by the selling price of iron in the respective 
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countries, at tlie present time, when it is admitted on all hands that there ia bo 
profit to the maker. 

The price of merchant bfir-iron, at the works — 

In England, is ^6 10 per ton. 

In France ■■. 8 (200 franes) per ton. 

In Belgium 7 (IT.'i francs) per ton. 

The difference between the cost of French iron and Belgium and English, aside 
from cost of transportation, which is very light, is compensated by the import 
duty, which, on iron from England and Belgium, amounts to sixty franes per ton. 
Independently of this tariff', which admits of a considerable importation of iron 
into France, it would not be possible for the iron business tobe continued on any 
considerable scale, for the reason, as will be seen, that the wages are already at 
the lowest possible point consistent with the maintenance of human life in a condi- 
tion fit for labor ; the average earnings of all the workmen, stilled and un- 
skilled, employed in an iron work being at the rate of 3.45 francs per day, or 
about 66 cents per day in gold ; the great mass, however, of common labor ye- 
ceiviag less than 50 cents per day in gold. In order to estimate the purchasing 
power of this Bum, it is necessary to give the prices of the principal articles 
required for the support of life, and for this purpose I have selected the depart- 
ment in which Lo Oreuaot is situated, as the proper locality for comparison, with 
the rate of wages there paid : 

Wheat bread 0.2S francs per lb,, equal to 5 cents in gold. 

Bye bread 0.20 iranes per lb„ equal to 4 cents in gold. 

Beef 0.65 francs per lb., equal to 13 cents in gold. 

Mutton 0.75 franes per lb., equal to 15 cents in gold. 

Yeal 0.15 franca per lb„ equal to 15 cents in gold. 

Pork 0.75 francs per lb „ equal to 15 cents in gold. 

Chickens 1.00 to 2,50 francs, equal to 20 to 50 cenla in gold. 

Geeae 3.00 francs, equal to 60 cents i^ gold. 

Jjuckfl 1.50 to 2.00 francs, equal to 30 to 40 cents in gold. 

Butter 1.00 francs per lb., equal to 20 cents in gold. 

Dozen eggs 0.50 to 1.00 francs, equal to 10 to 20 cents in gold. 

Potatoes 0.50 francs per decalitre, equal to 40 cents per bushel. 

Ordinary wine 0.40 francs per litre, equal to 5 cents per pint. 

jjeer 035 francs per litre, equal to 3 cents per pint. 

House rent is cheap ; a small, ordinary, hut comfortable house, with a garden, 
■ renting for 116 per year in gold. Clothes are also cheap, costing not more than 
half the price of similar articles in the United States ; but fuel is i-ather dearer 
on the average. It does not require any very extensive observation in order to 
verify the obvious conclusion deducible from the above figures, that the general 
condition of the working classes ia France, from a material point of view at 
least, is simply deplorable. It requires the utmost economy on the part of a 
laboring man, and the nnited labor of his wife and his children, to keep his 
family in existence ; and it is the accepted rale and practice for such a family 
to have meat but once a week ; and any change in this condition of affaire, in- 
volving a change in the remuneration paid to the common laborer, would put h 
out of the power of the iron-masters of France to carry on their business, in 
competition with Belgium and England, in the absence of a higher tai-iff on 
imports. The existence of the iron business in Franco, therefore, as a national 
branch of industry, may be said to rest upon the elementary condition of giving 
meat once a week only to the great mass of laborers who are engaged in its pro- 
duction. In Belgium, substantially the same state of affairs- prevails. In the 
de.Bpatch of Lord Howard de Walden, the British minister at Brussels, to Lord 
Stanley, dated February 11, 1867, on the subject of Belgian indastry, ho says : 
" The chai'acteristica of the Belgian workmen are steadiness and perseverance, 
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eomhined with great intelligence in working after modela ; their liahils are not 
so eipensive as those of English artificers j their diet is more humble, they 
consume less meat, and their bread is seldom purely wheaten or white in quality ; 
rye, and the cheaper quality of wheat called ' epeautre,' enter in great propor- 
tion into the composition of the loaf; beer and spiritB are both lower in price 
than in England ; they seldom use tea, and the cbiccory root constitutes a very 
economical and wholesome substitute for coffee. « * * * TJi,, 

system of schools for infants from two to seven years, and from seven to twelve 
years, is very general, and affords great facilities — the children being eared for — 
to both their parents to occupy themselves in daily service, and by combined 
industry to ameliorate the condition of their family. In all these respects, there- 
fore, the necessaries *f life being the base of wages, the Belgian enjoys advan- 
tages over the British workman." 

From our American point of view, these " advantages over the British work- 
man" in dispensing with meat and tea, and in substituting cbiccory for coffee, 
and in appropriating the Libor of both parents for a mere existence, are not so 
apparent. But we are naturally bi-ought by it to consider the condition of the 
British laborer. 
^ It b^ been seen that the natural advantages of Great Britain, in the posses- 
sion of its vast stores of coal, afford a fund for the payment of better wages to 
the laborer in England than on tho continent, and the Biitish workman has not 
been slow to assert bia rights to all he can get, and his physical condition is . 
undoubtedly snperior to that of his Prencb and Belgian neighbors. If he is 
not better lodged, he is at least better fed, and in the iron works it is probable 
that the workmen generally get meat once a day. But, as a general rule, the 
labor of the women and children is required in order to eke out the subsistence 
of the family. In Wales women are extensively employed in the works, doing 
the labor for which a man would be required in America, and earning from ten 
pence to one shilling three pence per day, or rather less than half the wages that 
would be paid to a man for the same labor, which they perform equally well. 
In StafibrdBbire, and m the north of England, and in Scotland, women and 
children are still extensively employed above ground about the mines, and 
aronnd the coal heaps at the mouths of the pits, flie substantial result of which 
is that the labor of the whole family is procured for the sum which would be 
paid to its male head, if he alone labored for the support of the family, of course 
at a far lower cost in the resulting production of iron than would otherwise be 
possible. Eestraining laws have been enacted ia England of late years in re- 
gard to women and children, limiting the number of hours during which they 
may be employed, and also providing that they shall not he employed during 
the night, except in certain specified cases. But if the women and children 
were altogether withdrawn from those occupations, as they are in the United 
States, it would not be possible to produce iron, except at a considerable advance 
on its present cost. 

Passing from -the material to the intellectual condition of the workmen in 
Prance and England, the provision for the education of the children is upon a 
very limited scale indeed, and although there are creditable exceptions in par- 
ticular locahties, mainly due to the enlightened conscience of the proprietore, the 
great mass of the working classes out of the large cities are deplorably illiterate. 
In the department of Sa6ne et Loire, where the works of Le Oi-eusot are situated 
and where the most commendable efforts are being made by Messrs. Schneider & 
Co. to educate the rising generation, it appears that 36.19 per ceut, of those who 
were joined m marriage in 1866 could not write their names, and of the con- 
scripts drawn for the army from the same department, in the same year, 24.51 per 
cent, were unable to read. And the same atotistics show that, taken as a whole, in 
nearly two-thirds of France the number of those who cannot write thek names on 
marriage is between the limits of thirty and seventy-five per cent, of the total 
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number. Thia deplorable state of affairs lias, of late, led to the establish men t 
of sehoola for the instruction of adnlta, moetly voluntary, upon which there were 
in attendance during the present year 829,555 adults, of whom 747,002 were 
men and 82,553 were women. Of 110,503 who could neither read nor write 
on entering the course in October, 1866, 87,311 had learned to read by the let 
of April, 1867 ; 13,632 instructors have given their services gratuitously, and 
the whole movement, and the statistics above given, prove both the depth of 
ignorance into which the working classes have been plunged, and their earnest 
desire to emerge from it. (See Appendix E.) 

Surprise may be expressed that in view of the inadequate reward for labor ia 
France, there has not been a larger emigration to our own country, where labov 
is so much better paid. The difEcnIties arising from tbo difference in language 
would of themselves be a great impediment to any extensive emigration move- 
ment ; but there are impediments of another kind, not generally understood, 
which tend to prevent any relief to the laboring classes from this source. The 
law of "livret," as it is called, is peculiar- to France. By its terms every work- 
man is compelled to obtain from the police a kind of pass-hook or register, in 
which his name, age, and occupation are inserted, and which he must show to an 
employer before being taken into his service, and no employer is pei'mitted to re- 
ceive into his works any workmen upon whose "livret" is not indorsed a full dis- 
charge from his previous employer. Provision is also made for the indorsement 
upon tlie livret of any indebtedness which may be due from the workman to the em- 
ployer, and his debt therefore follows the workman as a mortgage upon his labor 
from place to place. Although in express terms there is nothing in the law 
which would warrant the employer in withholding an indorsement on the livret, 
■ yet in practice it is a restraint on his freedom of action to such an extent that 
workmen employed in the large works usually remain there permanently, so 
that there is but little change, and no opportunity whatever for practical combi- 
nation in strikes and turnouts. The whole of this system is so peculiar, and 
throws so much light upon the power it gives to produce iron at a cost which 
would not be possible if the workman were a free agent, that I have deemed it 
best to annex to this report inan appeudix (F) a translation of a circular which 
was obtained from the prefecture of police. 

The moral condition of men is so dependent upon their physical and mental 
status that it is probably unnecessary for me to enlarge upon the obvious con- 
clusions that might be inferred from the facts above recorded ; but the conviction 
in my own mind was so profound, after a very careful survey of the whole field, 
that I deemed it my duty to accept an invitation to testify before the Trades 
Union Commission in England, in the hope that a full discussion of the physical 
and moral elements involved in the organization of industry would result in the 
ultimate elevation of the working classes of Europe to such a standard, at least, 
as would render the conditions of competition between our own country and 
Europe more just and equitable. It is quite evident that in the effort to pro- 
duce cheap commodities, and to undersell each other in the markets of th^ world, 
the rightfnl claims of humanity have been disregarded to such an extent that the 
reorganization of labor, in its relation to capital, is felt by all thoughtful men to 
be an imperative necessity. 

It cannot he that the aim of society is only to produce riches. There must 
be moral limits within which the production of wealth is to be carried on, and 
these limits have been and are being so obviously transgressed that a spirit of 
discontent pervades the entire industi'ial world ; and in the very countries where 
this competition has been pressed to its utmost limits capital has ceased ♦) be- 
come remunerative, although humanity itself has been sacrificed to its demands. 
The evidence which I gave before the Trades Union Commission was deliv- 
ered in this spirit of deep concern for the welfare of the working classes; and 
inasmuch as a few incidental sentences repeating statements which had been 
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raadc to me in regard to the Pittsburg atiite, but of no congeqnence iu reference 
to the main question, were seized apou by the London Times as a groundwork 
for charactei-istie unfavorable comment on American institutions, and some feeling 
was excited among the working men in the United States in reference to these 
misrepresentations, against which, it will be seen, I took occasion to protest on 
my second hearing before the commissioners, long in advance of any knowledge 
on my part of the effect produced by them at home, it is deemed pn^per to 
Btate that the evidence so given, in Europe at least, was universally regarded as 
an appeal in behalf of the working classes, not m defence of any violation on 
their part of the fundamental principles of social science, but in assertion of 
their just rights to education, domestic happiness, and adequate remunei^alion 
for labor. 

There are some statements made thereon, of no great importance in themselves, 
baaed upon information de^i^ed from othei parties on whom I had reason to 
tely, which may have been erroneous but in all such cases, where I did not 
speak of my own knowledge I expiessly so stited aad this was particularly 
the case iu regard to the Pittsbuig stnke where the evidence shows that I ex- 
pressly disclaimed personal knowledge of the facta , bat I desire now to state 
that the information was derived from a resident of Pittsburg in whom I had 
reason to feel entire confidence In my second evidence before the commission, 
it will be seen that I took occasion to correct some errors of this kind, having 
in the meantime received more correct information. There are also some replies 
bearing on the nationality of workmen, elicited in answer to questions over wnich 
I had no control ; but in so far as they may appear to be invidious to any one 
nation, there is no real cause for complaint when the answer is understood. For 
example, the statement that the Irish are rai-ely firet-class puddlers was made 
as a matter of fact in nowise depending on the land of then- birth, but because 
they do not begin to learn the busineaa until they arrive in America, full grown 
adults, whereas in England the education of the puddler begins in boyhood, and 
is pursued for many years before he takes a furnace. The same answer would, 
therefore, have been given to the same question, if asked with reference to the 
natives of any other country who had not learned the business from boyhood. 

But if, in compariaon with the ample provision made in our country for the 
education of the masses, the. arrangements in France and England are upon a 
meagre scale, the opportunities for scientific and technical instruction, in France 
especially, are of a far more complete and generous character. For the governing 
classes, or for those who, rising out of the lower ranks, are educated to fill posi- 
tions of trust and responsibility, there exist a series of educational establishmenta 
of BO thorough a course in their respective departments as to exhaust all that 
experience and science can do for the preparation of engineers and conductors 
of industry. The Ecole Centrale des Arts et Manufactures at Paris, the Con- 
sei-vatoire Imperiale des Arts et Metiers, several large agricultural schools, 
L'Ecole Imperiale des Fonts et Chausees, L'Ecole Imperiale des Mines, L'Ecole 
Imperiale de Commerce h, Paris, the three schools des Arts et M^tiprs at Cha- 
lons, Aix, and Angiers, the School of Mines at St. Etienne, the School of Watch- 
making at Cluaee, of tbe Mining Classes at Alais, the Naval School at MaraeiUes, 
are all sustained by the government in the interests of industry and commercfi, 
aud give to Frendi industry that intelligence, science, and skill, which, in the 
Exposition, extorted universal admiration, and the general confession that ita 
products, even in machinery and metals, were up to the highest standard of ex- 
cellence. Similar schools in the United States ought to be tbe fruit of the great 
endofltmeut of lands given to the States by Congress for the establishment of in- 
stitutions designed to teach mechanical and agricultural science and art ; but it 
is to be regretted that, at the present time, the application of this grant has not 
■be«n so dii-ected as to secure such a result, and we must console ourselves with 
tbe reflection that, if we are deficient in the higher education necessary for the 
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beat industrial development, we have in a measure supplied its place by a general 
diffasion of knowledge, which, evoking the ingenuity and individuality of each 
workman, has rendered it less necessary than in countries where the masses are 
in ignorance. But it cannot be disputed that this individuality and ingenuity in 
our American character will be more valuable and powerful when directed by 
the highest order of intelligence and thoroughly trained scientific leaders. 

It is obvious that the abnormal rates for labor which we have been consid- 
ering cannot prevail in any one branch of industry alone, but must extend to all, 
as labor, like water, must seek a general level in each community governed by 
the same laws, and suhject-ed to the same influences. All articles of commerce 
are, therefore, produced below their normal cost — that is, the cost which would 
be possible if the fundamental laws of humanity were not violated in the em- 
ployment of women and children, and the payment of a rate of wages to the 
common laborer inadequate for the proper support and culture of the family. In 
those commodities which require in the United States more human labor for 
their production than is necessary in Europe, where labor is so inadequately 
paid, we have, perhaps, no other interest than a general concern in the welfare 
of the human race ; but so far as iron is concerned, from the fact that we can 
produce it with aa little consumption of human labor as any other nation in the 
world, the case is different, because there is no absolute loss of wealth, and no 
misapplied power in its production ; and the only question to be discussed is, 
whether it shall be taken ont of the general category of manufactures not so 
favorably placed as to the cost of prodnction, and by positive legislation placed 
in the same condition as it would nave occupied with reference to foreign com- 
petition, if the rate of wages in other countries had never been reduced below 
their normal standard. We have seen that the cost of making iron in England, 
Belgium, and France, at the present time, varies from ^6 10*. to ^8 per ton, and 
.£1 additional suffices to pay its cost of transportation to the seaboard of the 
United States. At these ports American iron cannot possibly be delivered 
at a less cost than $60 in gold, against $40 in gold for the foreign article, and 
the entire difference consists in the higher wages, and not larger quantity of 
labor required for its production in the United States, where the physical, men- 
tal, and moral condition of the working classes occupy a totally different standard 
from their European confreres, and where the wages cannot be reduced without 
violating our sense of the just demands of human nature. At the same time it 
is to be observed that the business is so far overdone in Europe that no profit 
can be realized by the capitalist, except in special cases, for which adequate 
reasons can be given. The actual remedy for this over-production would be to 
withdraw the women and children, as we do, from this class of industry, whereby 
the production must be reduced, the rate of wages raised, the cost and the selling 
price increased, capital become remunerative, and the ability to procure iron, 
made cheap by its adulteration wifh the violated laws of humanity, be forever 
extinguished. To what result the general discussion which this subject is now 
receiving in Europe will lead it is not easy to decide ; but it is a curious phe- 
nomenon to listen in France to the loud complaints which are made against the 
competition of Belgium in the manufacture of iron, and stranger still in England 
to the same complaint, and the broad declaration that it will not be possible to 
do anything for the education and elevation of ihe working classes without ex- 
posing their manafactnrers to ruin in consequenc* of the competition with the 
worse paid and worse fed labor of Belgium. The truth is that the whole sys- 
tem is false, and now, when pressed by the enei^y, enterprise, and competition 
of the age to its legitimate results, humanityis in rebellion, and there is a general 
cry from all classes, laborers, employers, philanthropists, philosophers, and states- 
men, alike for relief. The necessity for this relief becomes painfully apparent 
when the poor-law returns made in England are carefully examined, from_ which 
it is evident that there is an armj' of paupers pressing upon the occupations of 



.y Google 



44 PARIS UNIVERSAL EXPOSITION. 

the common laborer, and striving to puah him over the almost insensible line 
which divides these two classes from each other. It is not possible that the 
laborer should receive more than hare suhsistence wages, and there can be no 
relief for bis patient suffering, so long as there are thousands who, uaahle to earn 
any wages at all, stand ready to fill up every gap in the ranks of industry ; and 
to the honest laborer himself, standing on the edge of this line, over which he 
is liable at any moment to be forced into the ranks of pauperism, the anxiety 
and miserable state o£ uncertainty for himself and his family, must be fatal to all 
rational happiness, and is well calculated to drive him into vicious indulgences 
and temporary excesses whenever a transient opportunity is afforded, as a mo- 
mentary relief from a condition of hopeless misery. 

From the returns made to the British Parliament as to panperism in the 
month of September, A. D. 1S67, it appeare that out of a population of 
19,886,104, dwelling in the area for which the returns are made, 872,630 persons 
were on the list of paupers, supported by public charity, of which number 
129,689 were in the workhouses, and 738,726 were relieved in their own houses. 
This latter portion constitutes the army which substantially regulates the rate 
of wages for labor, as they are ready, to a greater or less extent, to take any 
vacant place which may offer'itself. And this state of the case exists not in 
mid-winter, but just after the close of the harvest, and the returns show that the 
evil is an advancing one, as there is an increase of 27,521, or 3.3 per cent, in 
1867 over the cor responding week in 1866. And a study of the tables which 
arehereunto annexed (Appendix H) shows the largest rate of pauperism is in 
the manufacturing, and not in the agticnltural districts. 

By another parliamentary return, which is also annexed, (Appendix I,) it ap- 
pears that the average number of scholars attendant upon the schools under 
government inspection in the year 1866 was 871,309 in England and Wales, 
showing this suggestive fact, that the paupers receiving public relief, and the 
children receiving instruction in schools aided by the public funds, were about 
equal in number. This statement alone, if other evidence were lacking, would 
serve to prove that the working classes of Great Britain have not yet achieved 
the position in point of edacation and social comfort to which humanity is en- 
titled. Nor can it be alleged that this is due to any deficiency in the resources 
provided by nature for the reward of industry. The coal and iron ore mines of 
England afford the most magnificent fund to be found on the face of the globe 
for the abundant remuneration of the capital and labor engaged in their devel- 
opment, and every class in the eommnnity, except the operatives themselves, 
have enjoyed a bountiful return for their interest in this national endowment. 
The landowner has been largely paid, not only by the royalties derived from the 
minerals, hut in the enormous increase in the value of the soil by the rapid 
growth of population engaged directly and indirectly in the manufactures based 
on their consumption. The capital invested in manufactures in Great Britain 
has, in the main, reaped a most abundant reward, and the general result has 
been an accumulation of capital in the hands of the higher and middle classes 
finequalled in the history of mankind. 

That the working classes have not been equally well rewarded is due simply 
to the improvident and even reckless manner in whicli these great natural re- 
sources have been employed, giving rise to a competition unlimited by any otiier 
consideration than the immediate profit to be derived by the capital invested in 
the business. Of course, the less the rate of wages, the longer the number of 
hours of work to he got from the laborer, the greater the number of women and 
children that could be employed, the lower will be the cost of the product, and 
the more decided the ability to undersell all foreign competitors in the markets 
of the world. Hence, in the absence of restraining laws and an enlightened 
conscience on the part of the operators and manufacturers, and in the presence 
of a large popnlatiou iu a restricted area, governed in the interests of special 
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classes, it was inevitable that the superior natural resoarces of Great Britain 
should be nsed, as they have been, rather to crush out foreign competition than 
to elevate the working classes ; and this very attempt to undersell foreign na- 
tions in their own markets necessarily involved the lowest possible rate of wages 
in those countries consistent with mere existence; reacting, in turn, upon the 
English labor market, and compelling lower rates of wages than would other- 
wise have been required, if the aim of the nation had been directed to the pay- 
ment of the largest possible compensation te its own working classes, rather 
than to the bontrol of the markets of the world even at the expense of humanity 
itself. The possession of these wonderful deposits of coal and iron, as a fund 
for the payment of adequate wages to labor in Great Britain, is equivalent to 
our virgin soil in the United States, enabling both nations to pay tlie highest 
possible rate of wages consistent with the conservation of capital ; but this ad- 
vantage in Great Britain has been deliberately and recklessly thrown away by 
a competition between the English manufacturers themselves, resulting in an 
over-prod uetion, and compelling a steady pressure upon the wages of labor, in 
order to keep up the production and secure larger consumption by lower prices 
for the commodities. It is a mistake to suppose that this reduction in price has 
been cansed by the competition of foreign nations with Great Britain, for we 
have Been that France cannot produce enough iron for its own consumption, and 
that Belgium only tnrns oat one-tenth as much iron as Great Britain, and 
is therefore governed as to price solely by the rate at which Great Britain is 
willing and able to furnish the remaining nine-tenths. If it were possible for 
Belgium to alter the ratio of production, she might in the long run make the 
price for the total product; but it is simply ridicutons to apprehend, in view of 
the natural resources of the two countries, that any such change can ever be 



The most interesting industrial and social question of the a^ 
the policy which will be pursued by Great Britain in the administration of its 
mines of coal aod iron. And the royal commission, now making an ofScial in- 
quiiy into the exhaustion of the coal fields, will stop far short of the real scope 
of the question if it fails to investigate whether, by wise and suitable regula- 
tions, the aanual product of coal cannot be so regulated as to secure a far better 
remnneration to the labor engaged in its production than it has heretiifore re- 
ceived. I am perfectly aware that such regulations must necessarily be restric- 
tive in their charaeter, and, at the first glance, will appear to be at wai with the 
commercial policy of free trade advocated in Great Britain. Very little reflec- 
tion, however, is required to show that by far the greater portion of the legisla- 
tion of all enlightened nations is necessarily of a protective and restrictive char- 
acter ; and at this day no enlightened statesman would advocate the deliberate 
sacrifice of local advantages for the sake of any mere abstract theory, which 
might be ever so well founded in reason, but fails to be applicable in ihe pres- 
ence of exceptionable facts and resonrces. The protection of life, liberty, 
properly, and social order,. the title to lands and personal property, i-est entirely 
upon protective laws ; and 'all provisions for the protection of capital and health 
and the establishment of police are so many restraints upon the uatnral freedom 
of the individual ; and surely legislation looking to the wisest possible use of 
national resources and the prevention of the waste or misapplication of the raw 
material upon which the structure of the national industry and pi-oaperity and 
the welfare of the working claeaeB rest, is not merely a natural but a necessary 
step in the progress of industry and the development of civilization. 

In no country in the world are so many proofs of the wisdom of this course to 
be found as in the history of British legislation in reference to the * ' ' 
during the last thirty-five years. The repeal of the corn laws wa 
eminent protection to the working classes, relieving them of the taxes ii 
upon food for the benefit of the landowner, and of the landowner alone ; ' 
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the conditioQ of the agricultural laborer could not be made worse, but could only 
be improved by any change. The aeries of laws regulatiug the employment of 
women and children in factories and mines are not merely highly restrictive, but 
by common consent have produced the haopieat results on the moral and physical 
condition of the working clasaea. The laws recognizing the legal existence of 
friendly societies ; for the encouragement of building associations ; the conversion 
of the post offices into savings banks for the working classes ; for the granting 
of annuities and life assurance guaranteed hy the government to the working 
classes, oa Jhe payment of small periodica! instalments ; for tbe encoutagement of 
co-operative stores and associations ; for " partnerships of industry" in which the 
workman is allowed to have an interest in the profits of the business without 
becoming liable .as a partner for the debts ; the statutes authorizing the establish- 
ment of free reading rooms, libraries, and museums, liy a vote of the rate-payere 
in any borough, town, or city, constitute a course of wise legislation unmistak- 
ably protective, restrictive, and enabling ; peraistently advocated and successfully 
established by the most sagacious, libei'al, and philanthropic statesmen of the 
present age, and resulting in so marked an improvement in the condition of the 
working classes, accompanied with so decided an advance in the rate of wage^ 
that it is scarcely possible longer to deny, that the first step towards securing to 
the working classes an adequate reward for their labor is stich Iegi^lation^as pro- 
tects them from the evOs which seem to be inseparable from the spirit of unre- 
strained competition between nations and between men, which experience has 
shown to i-esult in the utter disregard of the moral and physical condition and 
social welfare of the working classes, unless regulated by positive legal enact- 

This wise course of legislation may be said to be but fairly initiated in Eng- 
land, but the intelligent observer cannot fail to be convinced that it will be 
persisted in until all special privileges which interfere with the normal distribu- 
tion of the proceeds of labor aud capital will be removed. The effect will un- 
doubtedly be a rise in wages, already apparent ; and this result is unquestion- 
ably a matter of deep concern to the manufacturers aud capitalists of Great 
Britain, who fear that it will deprive them of their ability to control tbe markets 
of the world, as they now do, with the products of their mills. But there is in 
reality nojust ground for this apprehension. The distribution between capital and 
labor may, and must, undoubtedly, be changed, but the aggregate income will 
not on ttie average of years be reduced, because the control of the fuel of the 
world, that is to say, of the condensed power which has been stored up by Divine 
Providence for its use, is in the hands of the Anglo-Saxon race hi Europe and 
America, who alone have reduced prices by a competition with other nations, 
impossible but for the possession of the mineral fuel in such vast quantities, and 
for the violation of the natural laws which should govern the employment and 
the compensation of labor. The transition to a more equitable basis of pro- 
duction will simply enable other countries, who, as we have seen, cannot do 
more than supply themselves with coal and iron, to raise their laboring classes 
out of a condition still more deplorable than exists in England, without fay any 
possibility enabling them to keep up any effective competition in the markets 
of the world, for the supply of the iron required for the future progress, devel- 
opment and civilization of mankind. A rise in wages in England, therefore, will 
not only be a blessing to the woikmen of that favored country, relieving it of 
pauperism, so far as it may he possible to extinguish poverty at all, but will be 
a harbinger of light to the unpaid, unfeJ and unhappy operatives throughout 
all lauds in wiiich human industry is now weighed down by the effects of 

* Keaaers desirous to inyestigate the effect of protective, lestrietive and enabling leffislatjoa 
on the condition of the working classeB, are referred to the very abie treatise on " The Progress 
ofthe WorltingClasaeB, 1833-1867," by I. M. Ludlow and Lloyd Jones, published by Alex 
ander Strahan, London, ISS?. 
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Uritish competition, based upon auperior natural resources. And to me it is a 
Buggeetive, and for humanity aa enconraging fact, that the agitation and reat- 
lesenesB which characterize the working classes of our age are mostly apparent 
in Great Britain and the United States, who are not only so far in advance of 
all other countries in the possession of natural industrial resources, but who, 
from the habit of free discussion and prompt obedience to the popular voice, 
(the result of constitutional government long in force,) will be most ready to 
accept the conclusions deduced by the stern logic of experience and facts, and 
modify their legislation so as to confoi'm to the just demands of humanity when- 
ever the proper course is discovei'ed aad made plaiu to the common sense of the 
people. 

When, by reason of such legislation, the wages of labor in Great Britain have 
, reached their normal condition, there will no loD'ger be any occasion for us to 
consider the question of protective or prohibitory tariffs ; but in the mean time, 
to the people of the United States, who, in consequence of the possession of a 
virgin soil, have in comparison with their European neighbors suffered but 
little from violations of the fundamental principles of social -science, two courses 
are opea. We can either take advantage of the unnaturally cheap rate at which 
our wants can and will be supplied from abroad, while the present system lasts, 
and, by throwing open our ports to foreign iron, purchase foreign labor at a far 
lower rate than we are willing to sell our own, and thus abandon a business 
■which, so long as our present rates of wages are maintained, cannot be conducted 
in the United States even without profit; or we can impose such a dnty on for- 
eign iron aa will make up for the difference in the amount of wages p^d for 
making a ton of iron in Europe or ii h * 7 1 ^^ xpense of transpor- 

tation. 

The decision of this question is manly f nt t t the working classes 
themselves, and to the great body ol h f m b u f the iron business 
is abandoned for the present in th Un t d "it t th 1 bor now employed 
in it must in the main take to th il and a la g y Id of agricultural 
products be insured. The surplus so pioduced must seek its market io the 
open marts of the world, and the mouths that would have been fed on this side 
of the Atlantic will simply be fed elsewhere, although not so abundantly and 
BO generously. But it must be remembered that whatever may be the price of 
bread in Europe at the works where the iron will be made, would be the price 
which the same operatives could afford to pay if the iron works had been placed 
where the grain is grown, and that the cost of transportation thence is just so 
much deducted from the price which the farmer would have received if the grain 
had been consumed at home. 

The question is one, also, which more concerns the west than the east, because 
the loss caused by transportation from the west is greater ; and the final deci- 
sion of this great queteou should therefore be well considered, especially with 
reference to the point whether the saving produced by tbe purchase of cheap 
iron and other articles will compensate for the loss entailed by the transporta- 
tion of the grain. 

It forma no part of the purpose of this report to deduce any conclusion on 
this subject, but only to state the facta in such form as will enable intelligent 
legislation to be enacted, keeping ia view the interests of all classes, and above 
all the considerations of independence, essential to the dignity of the American 
republic and the welfare of mankind. But in the discussion of this question, 
and in the legislation which may be proposed to meet the best interests of the 
nation, in regard to a supply of iron and steel, the broad distinction which ex- 
ists between the nature of the question in Europe and the United States must 
never be lost sight of. On the continent, protective duties on iron are imposed 
in order to counterbalance the superior natural resources and advantages of 
G-reat Britain for the production of iron, and not to secure higher wages to the 
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Inborer ; whereas, in the United States, protective iJuties, if imposed at all, are 
not neeeBsary because our natural advantages for making iron are inferior in any ■ 
particular to those of Great Britain, hut simply because the wages of labor are 
fixed upon a more just and liberal scale to the workmen in the first instance, and 
by the law of equivalents to the whole iiidustvial force engaged in the great 
work of production, of whatever form and nature. 

If the facts and su^estions contained in this report, the result of half a year 
of careful study of the Exposition, and the knowledge which it enabled me to 
acquire in reference to the social condition of the working classes in Europe, 
shall in any way aid Congress in arriving at a judicious solution of these grave 
questions, involving so many and such varied interests, and if, as I hope, the 
terrible evils of pauperism shall be even for a time, and possibly forever, averted 
from our own country by legislation based upon sound, social, and economical 
principles, I shall cease to regret the strange and cruel misrepresentations to 
which I have been sabjected among the working classes, in whose behalf mainly 
the duty confided to me was undertaken. 

Whatever policy may be finally adopted with reference to American industry, 
it is a source of profound satisfaction, and should be a subject of general con- 
^atulation, that a cai'feful survey of the natural resources of those nations who 
stand in the van of European progress and civOization justifies the declaration 
that the great problem of democratic institutions is being solved, in a land hav- 
ing, in addition to a fruitfiil soil, the largest and best supplies of the fundamen- 
tal elements upon which industry, progress, and civilization are based ; and that 
there is good reason to hope that here it may be shown how wealth may be cre- 
ated without the degradation of any class which labors for its production, the 
only advantage (if advantage it may be termed) possessed by Europe over the 
United States, for the cheap production of iron and steel, being in the lower and 
inadequate rate of wages which there prevails, and not in any superior natural 
resources in ore, fuel, or geographical position. 

ABEAM S. HEWITT, 
United States Commissioner to the Universal Exposition o/'1867. 

Hon. William EC. Sbward, 

Secretary of State. 

Paris, Novemher 30, 1867. 



SECTION II~BESS£»ER STEEL. 

Paris, June 22, 1867. 

To t/'e Comminionen of the XJniled States for tJie Universal Exposition of 
1867: 
The undersigned his the honor to submit a special report iipon '' Bessemer 
steel prepared under his direction by Frederick J. Slade, scientific assistant 
to C mmittee No b and duly appioved by the committee and ordered to be 
laid before the commipsion 

ABEAM S. HEWITT, 
U. S. Commissioner and Chairman of OommiUe No. 6. 

THE BESSEMER PROCESS. 
The Paris Espoeition affords valuable information in reference to the capa- 
bilities of the Bessemer process for the production of all grades of metal, from 
a near approach to wrought iron to the hardest and finest kinds of steel. A 
comparison of the specimens sent from the various countries shows that the 
quality of the metal produced depends chiefly upon the nature of the raw ma- 
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teriala used, and accoidiagly it h only in tlioso countries wlicre tiip very boat 
ores and purest coala aie pmployed that tie lind the liner grades of steel pro 
dueed. 

It will, perhaps bo inost matiuctive, theretore, to examine the msuner in 
which this process is conducted in each countiy aepaiately, and to trace, if pos 
sible, the relation betWLen the nature of the hni^hed product'! and the materials 
and modes of workinj^' employed in then minufactare We begin natuially 

ENGLAND. 

The iron almost exclusively employed in England for the pneumatic process 
18 obtained from the Cumberland district, and is derived from red hematite ores. 
Dr. Percy, in his well-known work on metallurgy, gives as the analyais of two 
Bpeeimeus of these ores : 

I. II. 

Sesquioxide of iron 95.1G 90.36 

Protoxide of manganese 0.24 0.10 

Alumina 0.37 

Lime 0.07 0.7.1 

Uagnesia 0.06 

Phosphoric acid trace. tra^e. 

Sulphmic acid trace. trace. 

Bisulphide of iron trace. 0.06 

Ignited insoluble residue 5.68 8.54 

101.15 100.26 

Silica 5,66 7.05 

Alumina 0.06 1.06 

Sesqnioxide of iron 0.19 

.5.72 8.30 

Iron, total amount 66.60 63,25 

The blast furnaces in which these ores are smelted average about fifty feet in 
height and fifteen feet diameter of boshes, and are in most cases open-topped, the 
opinion among the iron-masters being that the quality of the iron is injured by 
any attempt to draw off the gas. At some furnaces, however, this notion is 
abrogated, and the waste gases are utilized for heating the blast. Among these 
are the furnaces of the Barrow Hematite Iron and Steel Company, the West 
Cumberland, andthe Wigan Iron and Coal Company's furnaces. The quality 
of pig produced at these latter works does not perhaps stand invariably as high 
as that of the Whitehaven Hematite Iron Company, (Cleator,) the Workington 
Iron Company, or the Harrington, but if there is a difference it is easily ac- 
counted for hy the quality of the materials used, without the necessity of resort 
to the supposition of an injurious effect from utilizing the escaping gas. 

Tie fuel used at the furnaces in the Cumberland district is the best New- 
castle coke, which is remarkable for its hardness and freedom from sulphur. Dr. 
Percy gives the percentage of sulphnr as 0.8 and of ash 4.45. Ko chai-coal 
pig is made it) England for the Bessemer process. The fluxes employed are a 
limestone quite free from phosphorus, and a portion of black shale from the 
coal beds, consisting of clay and carbonaceous matter, without any appreciable 
amount of sulphur. The percentage of iron indicated by the above analysis, 
viz.jirom 60 to 70, appears to be a fair average, and the ores are not calcined, 
p E 4 
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Aa it is necessary tliat the iron aliould be as gray as possible, not less than thirty 
hundred-weight of coke are used per ton of iron produced, and a charge is 
about fifty houra in coming down throngh a furnace of the dimeasions given 
above. 'I'Sie yield from Bach a faniace is 250 tons per week. 

The blast is under a pressure of three and three-fourths pouiids, and is 
heated to from 650° to 750° Fahrenheit. From four to six tayeres are.usuaily 
employed No. 1 iron for the BeLsemev process from these furnaces brin^ 
ninety shillings per ton at the works, and No. 2 ten ahiUings per ton less._ _ 

The Wigan Iron and Coal Compaay, Lancashire, prodnce an iron which is 
used to a considerable extent for the process, but does not rank as high as the 
Cumberland irons. The coal as mined would be quite unfit for use in the pro- 
duction of such a grade of iron, as it is materially contaminated with sulphur, 
but this is almost entirely removed by washing the fine coal, the pyrites settling 
by tlieir snperior weight, while tbepure coal is carried on to receiving bedshy the 
current of water, and the purified residuum is then converted iato coke, yielding 
a tolerably strong product. This company have just erected a number of new 
furnaces much above the usual size for this kind of iron, via,, eighty feet high 
and twenty-four feet diameter of boshes, and these ai-e provided with a cone 
and bell arrangement for taking ofi' the gas, _ 

Forest of Dean iron, made from brown hematite ores, ia frequently used m 
small quantities in aamixturo with other irons for the purpose of mamtaining 
the heat of the charge, which it tends to do. It ia apt, however, to contain too 
large a percentage of sulphur to work well alone. 

Another brand which is said to work well is Weardale, an iron made from 
spathic ores. It is unusually rich in manganese, aad owes its excellence chietly 
to that fact. 

The following analyses exhibit the characteristics of some ot the i 
brands of iron employed : 








Clealflr. 


Workinelon. 


Weavdale. 


ForeatofDean. 




4.007 


3.14 
3.13 
0.05 
0.03 
0.02 


^.24 
1,80 

0,04 
0.19 


3.25 












0.049 















The analys s of Wear la 
furnished to tl e w ter f o 



e s taken from Percy's Metallurgy ; the others were 
a different sources in England. 

The presence of e 1 con the iron causes the charge to work hot ia the con- 
verter, and it 8 8 1 thereio e to mix an iron rich in this element witli others 
containing a less qua t ty and which have a tendency to work cold and become 
pasty As a ule Wo k gton iron contains more silicon than any other in 
use for the piocees, a d be ng moreover an excellent iron is largely used. It 
is, however, from the very fact of it,a working so hot, seldom employed alone, 
as it cuts the moulds badly m pouiiug , ■ .u ■ 

Sulphur and phosphorus aie the moat injuno«'< elements found in the pig, 
because the pneumatic process is poweiless to remove them, and the quality ot 
the steel is materially affected by their presence An effectual means oi elimi- 
nating these substances, in the pioce-^s of conveision, would he one ot the most 
valuable discoveries ot the times . c ■ 

Itia usual among all the steel makei') to mix seveia! different brands ot u:on 
where a uniform and good quality ot steel is desned, but there seems to be no 
definite mixture whidi is agieed upon a^ be^t The prmciplo appears to be to 
form the larger poUioB ot the charge ot the. bettci brands of Cumberland 
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hematite, and to add as correctives smaller percentages of other irona. The 
following will serye as examples, the first having been given to the writer by 
Mr. F. Preaton, late managing director of the Lancashire Stoel Company, and 
the other heing fi'om the hooks of another large firm : 

I. II. 

Workington 45 Oleator .10 

Harrington 40 Workington SO 

West Cumberland :.. 10 Harrington, (No. 1) 15 

Wigan 20 Han'ington, (No. 2) 5 

Weardale 7 Forest of Dean 10 

Forest of Dean 3 Wigan 3 



Spiegel , 



93 



For forgings such as axles, tires, locomotive crank shafta, &c., none hut No. 
1 iron is commonly nsed, but for rails a greater or less amount of No. S is 
added, in order to reduce the cost as far as possible. 

The amount of this qnality that may be nsed will of course depend on the 
character of tbe iron. 

The iron as a rule is melted in revt-rheratory furnaces, but at five works, 
cupolas have been substituted with apparently good tefiuhs. These are — 

The Manchester Railway Steel and Plant Co. ; 

Messrs. Chaa. Cammell & Co., Peniatone ; 

The Bolton Iron and Steel Co. ; 

The Barrow Hematite Iron and Steel Co. ; 

Tbe Mersey Iron and Steel Co., Liverpool. 

At the latter a cupola is also employed for melting the splegeletaeu. At the 
first-mentioned works Woodward's patent steam-jet cnpola is employed, it is 
stated with a consumption of coke as low aa one and one-fouith pound per hundred- 
weight of iron. At the others, Ireland's upper tuyere cupolas are employed. 
These cupolas melt very rapidly, and ate sufficiently capacious to hold an entii-e 
charge in the portion below the upper row of tuyeres. The size erected for a five- 
ton plant ia seven feet in diameter, and will melt five tons of iron in three-quarters 
of an hour. In working, the charge ia weighed when it is put into the cupola, and, 
as it melts remains in the bottom till the whole has been fused, when it is tapped 
oif into the converter. They generally require cleaning once in twenty -four houra. 
01 comse whect, cupolas are used, much greater care has to be exercised in the 
selection of the coke, as fuel which might be used in the air furnaces would 
destioy the quality of the iron if burned in contact with it. The opinion among 
those who employ the cupolaa ia, that it is quite possible to find a coke suffi- 
ciently free from sulphur to yield a satisfactory result. At the Barrow works, 
preparations had been made to convey the molten metal directly from the blast 
furnaces to the converters, but after a number of trials it waa found that the 
nnifoiraity of the metal could not be relied on, and, in eoaaequenee, the attempt 
was abandoned and cupolas erected instead, to remelt the piga. The convertera 
at the myonty i f the works have a capacity adequate for a yield of five tona 
of steel or allowing one-sixth for waste, which may be taken as a fair average, 
for BIX tons of molten iron. At Barrow, however, three seven and a half ton ves- 
sels havL been erected, besides their five-ton plant, and at Messrs. John Brown & 
Oo.'s a pair of ten ton veaaela have been ia use more than three yeare. The ma- 
terial commonly employed for lining tbe vessels is ganister, a highly silicious sub- 
stance, found at ShefSeld. Other materials have been tried at some works, as 
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for example, at Dowiaia, with apparently great succeaa. A pair of veaaele, at 
tbe works iust mentioned, had recently stood 300 blows each, without rehning, 
and were still apparently in good eondition. This ia nmeh ahove the average 
endurance of the refractory linings. The deatrnctiou of tuyeres is an important 
item in the expense of the process. The average life of these is seldom over 
five blows, and the failure of one during a blow is often the caiise_ of consider- 
able loBs, either by damage to the vessel or by injury to the contained ebargo. 

In tho general arrangement of the Bessemer planj very few changes have 
been made from that planned by Mr. Bessemer and contained m the drawings 
anpnliod to his licenaees. A pair of converting vessels usually placed opposite 
to eich other, but iu aome eases side by side, stand at the side ol a easting pit, 
sunk a few feet below tbe general level of the Soot. T hese vessels are mountetl ■ 
on trunnions, and are revolved on them by means of a rack and pinion operated 
by hjdraulie pressure. The melting furnaces ate placed in « room having a 
considerahl V higher floor level than the converting room, so that the melted metal 
may be run by its own gravity into the mouth of the converter, when the latter is 
tnrled down alitably to receive it. In the centre of the pit is a vertical hydraulic 
piston or crane, carrying at its upper end a platform, at one end of which is a ladle 
sufficiently large to bold tho contents of the converter at the end of the opora- 
lion. The platform ia furnished with gearing, so that it may be easily revolved 
to bring the ladle over each ingot mould auccessively, the latter bemg arranged 
accorditigly in the arc of a circle near the side of the pit, which here has the same 
form The ladle is provided with a noaile and stopper in its bottom, by ineans 
of which the flow of tbe steel is regulated. Two hydraulic cranes, consisting 
simply of vertical pistons, carrying a long horizontal jib with a rolling carnage, 
to which a chain and hook is attached for lifting the ingots, are placed near the 
edge of the pit, about opposite tbe centre of the converters, and serve also to 
lift ofl' the various parts of the latter when required for repairs. Xhe blast 
valve and hydraulic appai'atus pertaining to the converters are worked irom a 
valve stand, placed at a suitable distance from the pit, the cranes bemg operated 
by a valve directly attached to them, so that the attendant hoy may the better 
see what he is reenired to do, and the whole of the manipulation of the vessels^, 
ladles, and ingots, gives an ease of working and a perfection of control, with 
economy of labor, which should lead to the more general application of by- 
draulie power to other departments of industry in which large masses have to 
be dealt with. The water pressure used for the purpose is about 300 ponnda 
ner SQuai-e inch. The siees of ingots most commonly cast are, for rails, about 
10 inches square, for locomotive crank shafts, ingots of a rectangular aection 
say22incliea X 16 inches, and for other forginga accordmg to the siv.e and 
nature of the work, the moulds having a weight about equal to th.it ol the ingots. 
At some works, the plan is adopted of testing a sample of each blow for carbon 
and classifying the metal according to the result of this test By this me™, m". 
. greater uniformity in the fiuished work is obtained, and in the present st 



and classifying the metal according to the result of this test By this means much 
greater uniformity in the finished work is obtained, and in the present state of oar 
knowledge of tbe process, this is a very necessary means to secure this end,and 
should bo more generally adopted. The process employed was introduced hem 
Sweden, and is elce.dingly simple in its nature. It consists m dissolving a known 
weight of metal in tbe form of drill chips, or some other finely divided state, m 
nitric acid, of the gravity 1.2. The solution will have a brown color, more or less 
deep according to the percentage of carbon' conMned in the metal. A standard 
color, corrcspSnding to a known percentage of carbon, as detemined by direct 
analysis, is first established, and the color of the solution to be tested is made to 
■agree exactly with this by the addition of a certain quantity of acid or water. 
That this, whichis tho readiest method of producing agreement, may be em- 
nloved, the color of tho standard solution must be light. The water is added 
to the aolution in a graduated test tube, so that the exact proportion of water 
relatively to the original solution may be read off with ease, and if, for example. 
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an equal bulk of watur ret[uires to be added to make the color tLe same lis the 
standard, the peicentage of carbon in the specimen noder test must be just 
double that of the standard. Aa a aolation of steel in acid would in the course 
of time change its color, an exact imitation of it is made by dissolving burnt 
sugar, and this is kept hermetically sealed for eomparieou. To secure a liglu 
standard color, it is not necessary that the piece of steel dissolved should con- 
tain a small percentage of carbon, but a larger quantity of acid may be used in 
a known proportion, say twice, or three times the reqiiired amount, and the cor- 
responding percentage of cai-bon will be equally well ascertained. This test is 
easily and quickly applied, and the variation of color being considerable, gives 
results sufficiently accurate for the purpose of a proper classification of the 
ingots according to the purposes for whicb they are suited. 

The principal uses to which the Bessemer metal is put, in England, are the 
manufacture of rails, tires, axles, machinery forgings, and boiler plate. The 
total amount produced may be judged from the fact that the quantity made per 
week at the works of Messrs, John Brown & Co., limited, and Messrs. Chas. 
Cammell & Co., limited, is stated to be 600 or 700 tons each. The number 
of establishments at which the process is iu operation is about fifteen, and the 
number of converters employed upwards of fifty. The chief market is for rails, 
and a large proportion of the orders are for American roads. In England, not 
much ordinary line has been laid with steel i-ai!s, but on most roads those por- 
tions which are exposed to excessive wear, such as stalioaa and inclines, are 
being relaid with steel. The public are already familiar with the vastly supe- 
rior endurance of steel in such situations, and nothing need therefore be said 
here on that point. 

MANUFACTiraK OF STEEL RAILS. 

It is usual, 88 already stated, to cast a 10-inch square ingot for rails. At most 
works, this is reheated in a reverberatory furnace and hammered down to 7 
inches square. At some prominent establishments, however, this process is dis- 
pensed with, and a 10-inch ingot is taken directly to the rolls and i-olled down to 
7 inches. , At Crewe, Mi'. Ramsbott^jm employs a heavy cogging machine for the 
same purpose. This is simply a form of revereing rolls made exceedingly large, 
and only performing a part of a revolution at each pass of the ingot. 1 1 is stated 
that the rails made from nnliammered ingots stand equally good tests with those 
which have first undergone hammering. 

The substitution of rolling, of course, cheapens the manufacture, and reduces 
the amount of plant necessary, as well as the number of hands required. It is 
usual after the ingot has been brought from 10 inches down to 7 inches to put it back 
into the heating furnace for a short time, to bring it up to a heat sufficient to carry it 
through the remainder of the process. With hammered ingots it is usual to 
allow them to become cold after hammering, and to reheat them entirely anew, 
since it is not easy to regulate the heats so as to have the hammer supply hot 
ingots to the furnaces for the rolling mill. This, of course, involves a further 
additional expense in the use of the hammer. In heating the ingots care has to 
be taken that the heat is not forced so as to burn the steel, and ample time must 
be given for it to "soak." Practically about four heats are obtained in twelve 
hours, where with iron seven or eight could be got. "When the ingots are rolled 
from the cast size, it is usual to provide larger furnace and a greater number for 
the first heat than for the second, aa the fewer and smaller ones will work off 
the same number of ingots, on account of the shorter time necessary to bring 
them to the required heat. At the Dowlais works, for example, there are seven 
furnaces holding seven ingots each for the first heat, and but four holding four 
apiece for the supplementary boating. 

The usual size of rolls for steel rails of the English, (80 lbs per yard,) or other 
pattern is from S8 inches to 24 inches diameter. In some cases, however, smaller 
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aizes are in use as at Crewe, and at the Mersey iron and steel worlis, at tlio latter 
of which only au 18-inch train i3 employed. These, however, are trains which 
were originally intended for rolling iron rails, and have been compelled to do 
service for steel. 

The speed with rolls of the first mentioned sizes varies from sixty to forty 
revolutions per minute; the former extreme, however, seems preferable. The 
drafts on tlie rolls ai'e made somewhat lighter and more nnmerous than for iron — 
say two more grooves for finishing. 

At several works reversing rolling mills have been erected, to avoid the 
necessity of lifcijig the ingots in returning, and also to save time by operating 
on the ingot when moving in either direction. The usual plan has been to effect 
the reversing by engaging by means of a clutch geare running in opposite 
directions. This necessarily brings a severe shock on all the machinery, 
especially at high speeds, and in some eases where the arrangement lias been 
introduced it is not used, the mill always running in one direction, and the 
rolling being carried on in the usual way. Mr. Eamsbottoni has constructed 
and patented a reversing mill, which he uses for rolling locomotive frame plates, 
at Crewe, which is free from this objection. He drives his roUs by a pair of 
engines, resembling a set of locomotive engines in most of their details, and 
without auyfly-wheel. These work at a high speed, and are geared to the rolls 
in such a manner as to reduce the speed to the required amount. The link 
motion is thrown up or down in reversing by a hydraulic piston, easily set in 
motion by the attendant, and by these means tlie engines can be reversed seventy 
times per minute and entirely without shock. This principle for reversing 
would appear much preferable to the use of a clutch. The employment of 'a 
fly-wheel is not found necessary, as the engines, in virtue of their high speed, 
contain power sufficient to overcome any obstacles within the limits of safety 
to the rolls, beyond which it is better that they should stop. Mr. Kamsbottom 
has adopted in this set of rolls a thorough application of hydraulic power for 
al! the operations of manipulation, and has thereby obtained great facility of 
working and economy of laDor. Instead of the reversing principle, a steam or 
hydraulic lilting gear is used at some works for raising the ingot to the level of 
the top of the upper roll, and by many this ia preferred to reversing. 

The Siemens furnace is coming extensively mto use in steel works for heating 
ingots. At present they are in operation at Crewe, Bolton, Barrow, the Mersey- 
works, and some other places. They require a certain amount of care in their 
management, but yield very satisfactory reeult-s in their working. They are 
expensive in first cost, but in districts where coal slack is abundant they are 
exceedingly economical in respect of fuel, since they allow of the use of this 
cheap material instead of better and more expensive coal. But even where good 
coal must be employed in the gas producers, tho utilization of all the heat pro- 
duced by combustion renders the saving of fuel very considerable as compared 
with the ordinary reverberatory furnace. For steel an excessively high tem- 
perature, such as is required for some operations, and which alone the Siemens 
regenerators are able to give, is not necessary, and where much steam power is 
required it may he quite as economical to employ the waste heat from the fur- 
naces for heating the boilers as to pass it through regenerators for the purpose 
of heating the incoming gases for the furnaces themselves. In such a case as 
much and more expensive fuel migjit be required for generating steam under 
independent boilers as would be saved at the furnaces by the use of the regen- 
eratois. In this connection may be noticed a plan that has been adopted at the 
Bolton works with good i-esults, viz., the heating of boilers by gas drawn directly 
from the gas producers. This, of course, gives the same economy in respect of 
the use of slack as already referred to. Where sufficient steam is already ob- 
tained or ia not required at all, the regenerative furnaces are of undoubted advan- 
tage. Mr. "Webb, at Bolton, states that it is still an open question with him 
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ivhetliCT it is preferable to heat his boilei-s, as already mentioned, by gaa, or to 
place them over furuaceB fired in the ordinary \va.y with coai. 

The eawiog, straighteniag, and punching of rails are conducted in general as in 
America, withtheexceptionthat a single saw.orapairaide by side, ioatead of two 
separated by thekngth of the rail, is used.- The length of the railia regulated by 
stops on the carriage, oneend being sawed off and the rail then passed along on the 
friction-rollers in the carriage till it reaches the stop, when the other end is cutoff. 
The use of a single saw, it is claimed, enables the cut to lie made at the most suit- 
able point, as iadicatedlDy the appearance of the end, and also gives greater facility 
in varying the length of the rail as required for different orders. At Barrow, the 
rollers in the saw cai-riage are driven by friction gearing from the saw engine, so 
that the rail is passed along automatically ; the carriage is also drawn up tothe 
saw by a number of racks and pinions at intei-vals along its length driven in a 
similar manner. 

At some works, severe testa are adopted for ascertaining the c[uality of rails, 
and until more accurate knowledge of the nature of the Bessemer ingots is ob- 
tained some such tests woidd appear to be very necessary. The usual method 
of pi-oeedure is to place a rail from each lot made from one mixing of metal, on 
supports three feet apart, and let fall upon it midway between them a weight of 
one ton from heights varying from ten to, thirty feet, and observing the deflection 
produced. It is considered that good rails should not break under this test, 
though they may bend considerably where great height of fail is employed. 

The use of steel-lieaded rails is a point of great importance, but one on whicli 
at present little that is conclusive can be said. They have been made to a con- 
siderable extent at the Crewe works of the I.ondon and Noi-thwestern Eailway 
Company for use on that line, and Mr. Webb (formerly of Crewe) has patents 
for foi-ma and materials of piles for their production. One of the points which 
Mr. Webb claims is interposing a layer of puddle bar between the steel face 
and the iSbrons iron, for the purpose of making a more gradual transition between 
the crystalline and fibrous metala, and thereby securing a more perfect union in 
thesucceasive layers. The same thing has been done for many years in tlie United 
States, In the Exposition, specimens of ateel-headed rails of French manufac- 
ture are shown, which have Been struck on the top of the hpad with a steam 
hammer, cracking vertically through both steel and iron, and buckling up the 
web without any appearance of separation between the steel face and the iron 
beneath it. Although the specimen gives no evidence of being a selected one, 
{the line of the weld being plainlymarked on tfle external surface,) yet it is clear 
that no such teat can decide a question which can really only be properly solved 
by experience under the conditions of regular working. A sudden blow may be in- 
competent to produce effects which may follow prolonged and iii'egular hammering 
under the wheels of railway trains. While, therefore, steel-headed rails cannot 
be pronounced an absolute success, there is eveiy reason for prosecuting the ex- 
periment, and reasonable gr<mnda for anticipating a perfectly successful result.* 

As the production of rails is at present the largest branch of the Bessemer 
steel manufactm-e, the disposition to be made of the, crop ends becomes _ a 
question of immediate importance, and that to be made of the worn-out rails 
one of future moment. As the metal, when it contains any material proportion 
of carbon, is unreliable when welded, it is not so easy to decide to what use the 
large amount of ends sawed off from the rails shall be put. At present it must 
be admitted they are rather a drug in the market. When an iron that works hot 
in the Converter is naed, a certain quantity of thesC ends may be remelted in the 
vessel without injury to the steel. About four hundred weight per charge of five 
tons ia considered admissible at the Dowlais works, the scrap being first heated 
to a red heat in a furnace placed near the vessel, and thrown into the latter before 
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running in the molten iron. It is difficult, however, to dispose of the whole 
amount in this way. As large a portion as poBsible is sold to the Sheffield cru- 
cible steel makers, who remelt them, and sell them at a greatly advanced price. 
At some works, again, they are rolled into small plates, and in this form they 
may be used for the manufacture of plough shares and othei' kindred objects ; or 
in some cases they maybe rolled and drawn intfl telegraph wire; it would be im- 
however, to make fine sizes of wire from them. If the difficulty of 



disposing of the steel scrap is to continue, it forms another argument in favor of 
steel-headed rails, since these, when worn out, would confeun but little steel and 
could bo readily piled and rerolled, the pile being so arranged as to bring the 
steel in the least vital parts of the rail in case its presence should lead to any 
unsoundness of the welding. It would appear, however, that an adequate mar- 
ket for old rails could be formed by rerolling them into the form of bars for 
machinery and other purposes, for which, by reason of their superior strength, 
they should be more valuable than wTouglit iron, 

MANUFAOTL'HE 01' TIKKS. 

Next in importance to the manufacture of steel rails is that of tires for 
locomotive and raUway carriage wheels. Four years ago it was attempted 
to weld these up, as in the case of iron from straight bars, but the unrelia- 
bility of all tires so made was soon apparent, and the, attention of manufac- 
turers was directed to discovering some practicable means of producing them 
without welds. With the exception of the form of the ingot cast for tlie purpose, 
the mode of manufacture adopted at all the English works has attained a re- 
markable degree of uniformity. Mr. Eamsbottom casts his tire ingots in the 
form of a truncated cone, a usual size being two feet diameter at the bottom, 
six inches diameter at the top, and thirty inches height. This he hammers on its 
ends and sides till it assumes the shape of an ordinary flat cheese, with a thick- 
ness of about twelve inches. Another heat is then taken on it, and it is then 
placed under a steam hammer furnished with a pointed conical tool, and by suc- 
cessive blows with this on both sides a hole is forced through the centre of the 
disk, and this again expanded as the hammering proceeds, till the.upper part of 
the tool, which is flat, comes down upon the tire and consolidates the metal by 
reducing its thickness. A third heat is then taken, and the ring so foi-med is 
placed over a stout beck projecting from the inclined side of an anvil, which 
maintains the ring in such a position as to give a suitable bevel to the outer face 
when struck by the hammer, while at the same time its diameter is considerably 
increased by the operation. After this third hammering it is ready for the rolls, 
and a fourth and last heat is taken for that purpose. Mr. Eamsbottom holds a 
patent for the method of punching the tire blocks by a sharp-pointed conical 
tool without the removal of any of the metal. The form of rolling mill em- 
ployed by Mr. Eamsbottom is exceedingly complicated, and is the only one of 
its kind, as far as the writer is aware, which is in use in England, iinless it be at 
the works of the patentee, Mr. .Tackson, at Manchester. 

At Mr, Allen's works, Sheffield, (H. Bessemer & Co,,) the cbeeso-shaped 
blocks are produced from an ingot of the ordinary square form, this being cast 
sufficiently large to form a number of lires, say four, and then hammered round 
and cut up iuto sections, each of a weight suitable for one tire. The central hole 
is punched by flat-ended punches about eight inches in diameter at the lower end, 
and perhaps nine inches above.drivon in from both sides successively, and knock- 
ing out a circular disk about 'two inches thick as scrap. The blocks used with 
this process are of less thickness, say seven inches. The hole so formed is 
slightly enlarged by forcing the ring down over a truncated conical block which 
is placed on the anvil for the purpose, and subsequently another heat is taken, 
and the hammering continued on theinclined beck of an anvil, as already described. 
The weight of the block can be accurately adjusted by varying the thickness at 
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the time of puiicliiDg out the central disk, by which means the amount of 
metal removed wiii be effected. Another plan adopted by Mr. AUen ia to east 
annular ingots, sometimes a number one above the other, fed from one gate. 
These are caat with considerable depth, so aa to allow of sufficient hammer- 
ing to thoroughly consolidate the metal, and the weight ia regulated by the size of 
the central core employed. For rolling the tyres from the hammered rings he 
employs the tyre-mill, conatrueted by Messrs. Galloway & Sons, of Manchester, 
■whieli ia the aimplest one in use, and gives results probably not at all inferior to 
thoae of other more complicated forms. It is the one most generally adopted in 
England. The only other variation Iq the tire-making process is, that at some 
works, for the purpose of avoiding the severe one-sided strain brought upon the 
hammer by the use of the inclined beck for bevelling the rings, the ring is placed 
ona stout mandrel supported on a bifurcatedanvil, and the necessary bevel is given 
by a tool of the proper shape with which the hammer is furnished. In Gallo- 
way's and most other.tyre-rolling machines the roll spindles are placed vertically 
and extend to a considerable, distance below the horizontal bed of the machine. 
The rolls themselves are situated juat above the surface of the latter, with no 
bearing above them, the spindles being long and stiff enough to resist all the 
strain coming upon them. The tire is thus readily dropped over the ends of 
the rolls and removed when finished. Its diameter is determined by a simple 
sliding gauge, measuring from the centre of the internal roll to the inner face of 
the tire at its greatest distance from the former, Bessemer steel tires by the 
above processes are now made in great numbers and give good satisfaction in 
use. There are some who still prefer the crucible steel for this purpose, but the 
difference in cost is so largely in favor of the Bessemer metal that it ip' probable 
the former will eventually cease to be made. 

MANUFACTURE OF BGSSEMEll PLATES. 

The application of the Bessemer process to the pi-odiiction of plates either 
forboilera or for sjiips, girders, &c., is one of the moat important that could be 
made Nevertheless the amount of metal used for this purpose in England falls 
much below [Hat employed for other puipjses Ihisisdne to a certain amount 
of distrust of steel plate'' doubt as to its reliability under varying strains of 
tension and compreiaion its capability of beni„ punched and sheared without 
injury to it'elt and of its action under the influence of heat and water as in the 
hre box of a boiler In other countrie" as for example Austria, as will be 
shown when we come to speak of the manufacture as carried on in that country, 
tliH his not been the case ind Urge quautit es of plates have been produced 
and "uccessfuUy ipplied to a vatiety of uie'* 

The SLcret cf the distrust in regiid to Besi^emei plates ia England ia that 
in neaily all cases the pcicentage of carbon contained in the metal has been too 
large. The spiegeleisen used m England is not particularly rich in manganese — 
seldom exceeding nine per cent, of that element, while it generally contains from 
four to four and ahalf per cent. of carbon. Itis difficult, thei-efore,withsuch mate- 
rials to deoxygenatethe metal sufficiently without introducing also aconsiderable 
percentage of carbon. About 0,4 per cent, of the latter is as large an amount 
as is proper for plates which are to resist severe strains, and though a greater 
proportion adds materially to the tensile strength of the metal when measured 
simply by a direct puU, it renders it also much harder and more liable to crack 
under the treatment to which it is exposed in the ordinary methods of construc- 
tion. The difficulty in the way of producing good soft plates for boilers or 
other uses appeared at one time to have been satisfactorily overeome by the sub- 
stitution of ferro -manganese in the place of the ordinary spiegeleisen. The 
manufacture of this substance was commenced by a firm in Glasgow as a branch 
of another business in which they were engaged, and plates made with it as a 
deoxygenator gave moat excellent results. Unfortunately, however, the firm 
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who had undertakeu the manufacture shortly afterward hecame insolvent, and 
the patentee of the process has not asyet reestablishedthemanufactare (which 
requires a considerable expenditure for suitahle furnaces) elsewhere in England. 
Had the use of this substance continued for a longer time, so as to make the 
«xcenence of the ateel produced with it fully appreciated by the public, there 
■would have been a demand for plates ui^nt enough to have immediately secured 
the re-establishment of the mannfacture ; but ia the present ftate of feeling it 
may not be so easy to induce the necessary primary outlay, especially as a cei-- 
taio amount of ill feeling is said to exist between the owners of the ferro-man- 
ganeso patent and the Bessemer interest. The percentage of manganese 
contained in the alloy produced by the process referred to varied from fifteen to 
twenty-five. Another kind of ferro-manganese, containing a much larger percent- 
age and produced in Germany by a different pi-ocess, also the subject of a patent. 
Las been offered in tbe English market, but at such an exorbitant price that 
nobody has ventured to buy it. Still, notwithstanding the absence of ferro- 
manganese, good soft plates are produced at some works, especially those at 
Bolton. Messrs. Charles Oammell & Oo. also make a lai-ge number of plates of 
.good quality. The following teats, whicii they guarantee all their plates to 
stand, are interesting. 

Tensile strain per squai'e inch — thivty-three tons : 

Forge test, (hot.) — All plates one inch thick and under to bend hot without 
fractnre to an angle of ISflO, both lengthways of the grain and across. 

Forge test (cold.)— AXi plates will admit of bending cold without fracture as 
follows : 

ilKSSUMBR PLATEH. 

With tlie grain. Aerose tlio grain. 

linch 450 250 

g-iach 50 30 

linch 60 40 

^inch 70 60 

^iach - SO 60 

X inch . , 90 70 

3 inch 110 80 

Xinch 190 90 

I inch and upwards 120 300 

To show the comparison of this steel with theregidar crucible steel, the giiar- 
-antee for plates of the latter is also given. 

CRUCIBLE STEEL PLATES. 

Tensile strain per square inch thirty-eight tons. 

With the graiu. Across the grain. 

linch 50O 30° 

Jinch 60 35 

^incb 75 50 

linch 90 70 

Aincb no 90 

X inch 130 100 

3 inch 150 lie 

,s- inch 180 120 

i inch and npwards 180 120 

Probably the spiegeleisen used for this purpose is selected with e- 
and may contain as ranch as eleven per cent, of manganese without an moreaseu 
.proportion of carbon. By a proper system of testing the ingots, as described 
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above, there should he and is no difficnlty in ascertaining just what percentage 
of carbon is contained in the metal, and bo selecting ingots that are suitable for 
thia purpose. With the superior frankliaite that we possess, together with the 
purer irons, there is, apparently, no reasou why we should not produce most 
excellent plates in large quantities, as is already done in Austria. 

The manufacture of axles is carried on to a cousiderable extent, both for locomo- 
tives and railway carriages. Locomotive crank ehafts are now more frec[uently 
madeof this materia] than any other, andwith a fargreater exemption from break- 
ages. These are usually forged from largo rectangular ingots, and twisted to the 
proper angle as in the case of iron. To bring these large masses down properly 
with economy requires very heavy hammers, and to meet this want Mr, Kamsbot- 
tom has erected at Orewe a thirty-ton hammer, on his pateut duplex principle. In 
order to dispense with the costly foundations necessary to sustain the impact of 
the falling tup in large hammers, Mr. Eamsbottom designed about live years since 
a hammer in which the blow should be struck by two heavy masses mounted on 
wheels, and moving horizontally in opposite directions, so that their momentum 
should be annihilated in striking the ingot placed between them. In the first of 
these hammers, in which the weight of each tup was ten tons, the cylinder was 
placed vertically in a pit beneath the hammer and the piston, connected by in- 
clined links to each tup, so as to communicate motion lo them on the rails. The 
ingot was supported on a suitable table, or between a pair of stout centres, which 
again rested on a platform capable of being rocked slightly to maintain the ingot 
always exactly in the centre of the motion of the tups. A number of these ham- 
mer'' aie at present in use, and though they constitute the first development of 
a new idpa, they do their work tolerably well, though they need a greater amount 
of caie than an oidinary hammei'. In the thirty-ton hammer which has been 
more recently built, the design has been somewhat modified, and greater sim- 
plicity obtained. In this the sleam cylinders are horizontal, and placed directly 
behind each tup, the piston rods being secured to the latter by an elastic pack- 
ing, so as to relieve the piston from the shock of the blow. To control the motion 
of die two tups, so that they shall always meet at the same point, a five-threaded 
screw with a diameter of six inches and a nine-inch pitch, or once and a, half its di- 
ameter, is placed beneath them, the thread being cut left handed at one end, and 
right handed at the other. A nut secured to the bottom of each tup works on the 
portion of the screw beneath it, and as the screw revolves in its bearings each tup 
advances by the same amount. This arrangement is found to work with but little 
friction, and is not liable to derangement. The valve gear is made to be worked 
by hand in the ordinary way. The size of the cylinders and pressure of steam 
are so proportioned as to make the pressure on each tup the same as ilis weight, 
and the blow struck by this hammer is therefore the same as would be given by 
one of the tups falling by gravity through a distance equal to the combined stroke 
of the two tups, or seven feet. These hammers have been constructed by Messrs. 
Thwaites & Oarbutt, of Bradford, who have had great experience in this line of 
business, having perhaps supplied more hammers to the steel makers than any 
other firm. With the heavy hammers just described, the large ingots for erank 
axles are brought down to therequired size and shape in a very short time. At 
Crewe it is usual to put two of these ingots into the Siemens furnaces in the eve- ■ 
ning, and allow them to heat slowlyduring the night, but one man being required 
to be in attendance, and then to work them off under the hammer in the morning 
before breakfast. In sawing off the ends of his finished axle forgings, Mr. Eams- 
bottom employs a saw seven feet six inches in diameter, running at about nine 
hundi-ed revolutions per minute, or a speed on the edge of four miles per minute. 
The cheeks are also sawed out preparatory to turning the crank wrists. 

In concluding the account of the Bessemer manufacture, as at present conducted 
in England, we may observe tbat while theamount produced is far inexcess of Uiat 
to be lound elsewhere, yet from the close competition between the different makers 
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tending to favor the use of tLe cheapest materink, and from the naturally ratLei- 
inferior character of the native iron employed, the quality of the metal is not equal 
to that produced hi countries using better materials. Accordingly the uses to 
which it has heen chiefly devoted have been rails, tires, and axles, together with a 
certain amount of plates. Notwithstanding this there have been produced, when 
proper substances have been employed, specimens of the metal which aeemed 
able to undergo almost any teat that could be devised. It has been spnn into 
ornamental vessels of shapes such aa would bring the moat acvere strain on the 
metal without exhibiting any sign, of cracking, or bent into the moat crucial 
ahapea, with equal evidence of ita toughness. We shall see on examining the 
product of other countries that such qualities ia the metal are not at all exceptional, 
but that when steel of great hardneaa is not intentionally produced, they always 

SWEDEN. 

Au examination of the specimens of Bessemer steel from Sweden in the Expo- 
aition ahows us that the metal there produced is of a far superior character to 
that made in England, and naturally leads to inquiry aa to the cause of the dif- 
ference, and whether we may hope to attain the same aaccess in the United 
States. First we observe coils of wire of all sizes, down to the veiy finest, such 
as No. 47, or even amaller. This they have not been able regularly to pro- 
duce ill England. In the next place we' notice a good display of fine cutlery, 
and the write* is informed by a competent authority that tliia metal auswera so 
well for this purpose that it is now tised almost to the exclusion of any other. 
This statement is corroborated by the fact that in the miscellaneous classes of the 
Swedish department, where cutlery occura not as an exhibition of steel, but 
merely as a display of workmanship by other parties iu the same manner as 
other articles of merchandise, cases of ranora ai-e exhibited with the mark of the 
kind of steel of which they are made stamped or etched upon theili as usual, and 
these are all " Bessemer," bat from a variety of .different works, viz : Hogbo, Carls- 
dal, Oaterby & Siiderfora. The ore used in Sweden for producing iron for the 
Bessemer process is exclusively magnetic, and of a very pure quality. An analy- 
sis of a mixture of those used for the iron employed at the Eagersta works before 
roasting gives the following composition ; 

Oarb. acid 8 . 00 

Silicium 17 . 35 

Alumina 0.95 

Lime - 0.50 

Magnesia 4. 35 

Protoxide of manganese 3 , 36 

Magnetic oxide 32 . 15 

Peroxide of iron S7.40 

100 . 0.T 
Phosphoric acid 03 

All the pig made from this mixture of ores the exhibitors sUte will give a steel 
without the nae of spiegeleisen, which ia not at all red short. 

The analyeia of gray iron from the aame works, nsed for the Bessemer process, 
ia given aa follows : 

Carbon combined - I-Oia 

Graphite 3,527 

Siliciam 0.854 

Manganese 1.91D 

Phosphorus 0.031 

Sulphur 0.010 
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The cinder, prorluccd at the same timfl aa the gvay iron, sliows on analysis a 
com position of — 

Silica , SS'SO 

Alumina 3.00 

Lime SI.IO 

Magoeaia ' 13.95 

Protoxide of manganese '■8*'' 

Protoxide of iron 90 

100.10 

The analysia of mottled pig, flafonU Iruite,.) cnnMSlijig of two-thlrda griiy 
and one-third white, is — 

Carbon combined - a.l3S 

Graphite 2-733 

Siiiciom 0.641 

Manganese 2.926 

PhosphoruB 0.026 

Snlpfiur 0015 

Of each of these it is stated that the aleel produced without the employment 
of apiegeleisen is not at a!l red abort, (cassant & cJiaud.) The moat noticeable 
feature in the eompositiou of theae irons is the large percentage of manganese 
which they contain, together with the extremely minute proportion of aulphur. 
The latter quality ia due to the exclusive employment of charcoal in the blast 
furnaces, together with the adoption of a very high temperature iu the roasting 
kiln. These latter are constructed on Weatman's patent, and are made very 
high and heated by the waste gas drawn from the blast furnaces. The beat is 
carried as high as is possible without agglomerating the materials, and by this 
treatment the ore is changed from a bard and compact aubatance to a very porous 
one, while at the same time it is stated that any perceuiage of sulphur leas than 
four per cent, is driven off. The blast furnaces are very email, being generally 
but eight feet in diameter at the boshea and about three feet at the hearth, with 
a height of forty feet. With these ores pi-epaied in this manner, such a furaace 
will yield from seventy to eighty tons per week. It is thought by the b^t 
informed engineera iu Sweden that these furnaces should be made larger, and in 
future they probably will be so ; but these dimensions represent the furnaces 
that now exist, and with which the iron in use has been produced. 

In the process of conversion, from motives of economy, a fixed form of vessel 
ia employed, instead of one mounted on trunnions, as in England and elsewhere. 
The tuyeres, about nineteen in number, are placed horizontally just above the 
bottom of the vessel, and are inclined a little from a. radial direction so as to 
give a rotary motion to the mass of molten metal. An air passage sun-ounds 
the vessel at the back of the tuyei-es, with a movable plate opposite each to 
allow access to them. The upper portion of the vessel, from the line of the 
top of the blast passage, is made removable, for lining, &c. ; tbcbottom of the 
vessel is slightly inclined towards the taphole, so that the whole of the metal and 
slag may run off. The metal is run in at a spout ia the upper portion of the 
vessel, and from the fixed position of the vessel it is of course necessaij to have 
the blast on all the time that the metal is being run ia and drawn off, to prevent 
its flowing into the tuyeres. This fact must make it more difficult to regulate 
the exact amount of decarboniaation of the metal, and tend to render the last 
portion drawn off overdone. The removal of the cinder remaining in the vessel 
after a blow is not so easily accomplished in the fixed vessel as in the revolving 
one, as ordinarily used. 

Accompanying the analyses of ores and irous, given above, the I'agersta 
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works exhibit aa aualysis of the slag froHi tbe converter, takeu at llie close of 
the process, aud Jt showa the composition, tfl be ns follows : 

Silica ; 44.30 

Alumina 10.85 

Lime 0.65 

Magnesia 0.45 

Protoxide of manganefie 34.55 

Pi-otoside of iron 19.45 

100.25 
The ease of specimens exhibited by these works is the most interesting by 
far in the Exposition. It contains a most extensive collection of pieces of 
various forms, with which a very elaborate set of experiments has just been 
made at Mr. D, Kirbaldy's testing works at London, the results of which will 
be found in Appendix C. The samples are classified according to the pereentage 
of carbon which tlioy contain, and have been tested to show their action under 
strains of tension, compression, torsion, bending, and, in the case of plates, 
bulging. 

The amount of carbon contained in the steel varies from 0. 1 to 1.50 per cent., 
thojigh moat of the experiments were made between the limits of 0.3 and 1.20 
per cent. In addition to the large collection of test pieces, they exhibit some 
railway carriage axles containing 0.3 per cent, of carbon, one being bent double 
with a radius of curvature at the bend of about 5 inches ; a locomotive axle con- 
taining 0.4 per cent., and a tyre having 0.5 per cent, of carbon. There is also, 
as already mentioned, a fine display of cutlery, razors, some beautiful hand 
mirrors containing 1.0 per cent., a small drill containing 1.50 per cent., with a 
plate beside it containing 1.00 per cent., through which it had drilled several 
holes ; a number of long turnings taken off in a lathe, showing remarkably the 
absolute continuity of the grain — one of 0.3 per cent, of carbon measures 36 
feet in length, and is closely coiled with a diameter of about ■j'j inch ; another 
of 0.9 per cent, is 27 feet long and slightly less in diameter. There are also 
a large number of files, and, as previously mentioaed, coils of wire of all siaes, 
aud apparently any required length. A very interesting table of results was 
obtained from a series of eleven small square bars containing varying percent- 
ages of .carbon, as follows : 
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Tiie coat of steel for the more delicate uses, euoh as raaore, &c., is 
less by the Beasemer process than by the old method of remelting in the cruci- 
ble. The matei'iata in ordinary use are aulBciently pare to give such a steel, 
and the only special precaution which has to be observed in prodacing these 
equalities is to add a sufficient amount of recarbonizing pig to give the required 
per cent, of carbon, and then in the process of tilting the bars to carefully re- 
ject any piece which may show sign of flaw, as would of course be necessary 
under any circumstaneea. The total production of Bessemer steel in Sweden 
in 1864 was 3,178 tons ; that of crucible steel exceeded 4,500 tons. 
AUSTRIA. 

The conditions under which Bessemer metal is produced in Austiia are in 
many respects similar to those existing in Sweden. The iron employed is 
smelted with charcoal, is nearly free from sulphur and phosphorus, and contains 
a large percentage of manganese. There are diffeiences in the manner of con- 
ducting the process, but these important conditnni mscire the production of a 
metal of similar excellence to tho Swedish, and liLe thin much superior to the 
ordinary metal produced in England. 

The principal wo(ks in Austria ai-e at Neubpi^ m the piovinee of Styria, and 
are carried on by the government. The iiou is obtained from spathic ores 
amelted in two furnaces 43 feet high, and yielding trom 100 to 150 tons per 
week. The iron produced is found by analysis to contEon 3.46 per cent, of 
manganese, and, as in Sweden, it is used for recarbonizing in the place of the 
usual spiegeleisen. Originally a fixed vessel was erected at these works similar 
to those used in Sweden, but this has been superseded by a pair of three-ton 
vessels of the ordinary construction. Fixed or Swedish vessels are, however, 
still iu use at other Austrian works. The metal is run directly from the blast 
furnaces into the convei-ters. Very interesting tables are exhibited by these 
works, giving analyses of the iron and slag at five periods in ite conversion from 
its condition as tapped from the furnace to its final state as Bessemer metal 
These ai-e extremely interesting from the light which they throw upon the rela- 
tive rapidity with which the components of the pig iron are attacked by the 
blast, and the permanency of some ingredients, such as phosphorus and coppei', 
during the entire process. The results are as follows ; 
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From each cliaige blown at these worka a small tesj; ingot is caat, and this is 
immediately reheated and subjected to a mimber of tests to ascertain the quality 
of the steel ; and according to the results of these trials, all the metal produced 
is divided into seven grades of varying hardness, No. 1 being a blue steel, con- 
taining from 1.12 to 1.58 per cent, of carbon ; and No. 7 a soft iron, with from 
0.05 to 0.15 pet cent. 

The test employed consists in hammering the little ingot into a bar, and 
subjecting it to severe working on the anvil, in a way which would tend to 
crack it if of a red, short nature, or of inferior quality. It is then heated and 
plunged into water, and the amount of hardening prodneed proved by striking 
it with a hammer, and obsei-ving the amount of flexui-e .prodneed. It is then 
heated again and bent over upon itself and welded into an eye, the welded portion 
being drawn out to a small section and broken off. These tests take but a 
short time, and the expense of making them is insignificant in comparison with 
the accurate knowledge thereby obtained of the nsiture of the steel and the 
purposes for which it is suitable. As a rule, the steel produced at the Neuherg 
works welds with gi'eat facility, and, in fact, atl the tires produced here are 
welded as in the case of iron. A table of tlie tensile strengths and other prop- 
erties of steel, of the various classes below No. 2, is exhibited, and is as follows : 



Extensibility 
Hanjening.. 
Welding 



very well 



51.65 
63, la 



The softest grade is used for wire, sheet steel, &c„ and the higher numbers 
for boiler plate, gun barrels, axles, tires, tools, and cutlery, according to the 
hardness required. 

A printed list gives tho price of the steel in various forms delivered at the 
worka, which, reduced to gold dollars, is as follows : ingots, 877 50; bars, 
$138; boiler plate, SS145 50; tires, $156 50. These prices are httle above 
those charged in England, where coal is abundant and an inferior quality of 
metal produced, ^ 

In other countries than Sweden and Austria, we find nothing that presents 
any remarkable feature not to be found in English practice. Of course, Krapp 
is for ahead of all others in respect to tho size of the masses that he casts. He 
exhibits in the Exposition a 40-ton (40,000 kilograms) ingot, intended for a 
crank shaft, which he states was cast from crucibles. His process of making 
tires is similar to that in use in England. He first makes a bloom about K feet 
long and 13 inches by 10 inches, and then cuts this up -into sections of the 
required weight. A slit is cut through the middle of these, and they are then 
worked out into an annular form, and aftei-wards rolled on a mill of a construc- 
tion similar to those in use in England, with the exception that the bed, instead 
of being horizontal, is vertical, as if one of those machines were turned up on 
its edge. Two mills, one for ronghing and one for finishing, are employed. 
His tire-heating furnaces are placed in a pit at the side of the mill, and are 
similar to the furnaces of a braes foundry, the tires being laid on the fire by » 
central crane. 

The French also exhibit good specimens of Bessemer metal, but, as already 
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etnted, t.Lere Beeina to be no marked ailvance ou wliat iiaa been accmnpliaLed 
in England, and it will not ba neceasviry, therefore, to notice in detail the arti- 
cles they have brought forward. 

The manufacture haB been established at aix wnrlsa, and the prodnctioii, in 
18C6, was as follows : 

Tons. 

Ooropagnie Ae Ttirrenoire ... 1,537 

Cie. i3e Chati]lon, Gommentry 59 

Sociel^ d'Imphy, St. Seurin, (Jackson'^) 4,S58 

S. Menans & Cie . . , 000 

De Dietrich & Cie 4S6 

Petin, Gaudet & Cie 3,851 

Tot.il _ 10,791. 

Of this product, 3,687 tons weru in the form of rnila. lu 1SG3 bnt three 
works were ia operaiion, with a total product of 1,857 tons. At tba present 
time the metal produced in France by thia process does not stand as high in 
the opinion of iron-mMt«r3 as paddlod or other steel. It may be tliat this is 
due to the nature of the pig iron employed, or it may be due to a lack of e>cpe- 
rienee in the manufacture as compari'd with other nations. 

At the works of Messrs. Peiin, Gaudet & Co., near .f^.t. Etiennc, a pair of 
six-ton converter have been erected, and a single vessel, capable at piesent of 
producing a charge of eight tons, and in which it is ex^iected to make twelve- 
ton charges when the lining becomes reduced in thickiieas. This is the largest 
Besaemer apparatus in Frauce. 

Submitted by 

1?REDED.T0 J. 8L.\DE; 
8cieKi'Jic Amiistani to Comimttee No. 6. 

X'Aiiisi, Jun.e 15, 18G7. 
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APPENDIX B. 

Table showing tlie reaulls of l/ie workivg of the saw-dust fiimace at Mwikfors 
duriTig the year 1866, comparatively, with the results ohtainedfrom thecharcoal 
furnaces of fjie Society of Uddcholm. 





1 




jjl 


2 
1 


1 
1 
1 


Ci>H6uin]itlon, pel- ton. 


^^ 


—■•—•-■ 


i 

1 


i 


i 

11 


1 

l| 
1 

5 


II 
2" 


1 


III 
lit 


S w duBt f maoa Rf Mnntafore. . . 


306.11 


1,839. M 


z-s 


1,53a 30 
969.34 


la! 19 


.?'. 


■i35- 


S,134 


3:iJ 


5T.59 


S m 


253.13 


e, IBS. 53 


133 IB 


i,eoi.24 







.... 




■ 




Chat It* naceatGustafafors.. 
Ti f s rtpriciibiff, aterage. 

Ch alf BBCB al Q-nalafstora " 


mf 


IK 

'943! 3: 


4B63 
47 80 


S93.K 
83^07 


15.19 

la, 65 , 




157 3,530 
168 a, 706 

157 i,530 


sa 

0.75 


33.04 



fuS" ' M vSl" 


BthereBultefottbe 

montha tha yield 1 
■ the last Ihtea mon 


hlorattherat| 


ngof thSsBW.dost 
nly been worked wh 
Iron, and in Che M 

4od^notSd''^Tt. 

he work Is regular an 
e i-ep^ra only reaulre 

The gas ganetatop 

tad^fom^dnriog 


nVe^othet wm on 

. 50 pet cent, of thf 

i solid. The reheat 
one or two days ut I 
to he changed. The 
snot cleaned dnrlug 
Htmijccd Wirt sand; 
tha week are plied a 


per 
and 


ocoal 


(ho wooS in corbon is lost In toWng, The column Bhowa 

All Uie parta of Iha furaaneate eaay to maaags, and dl 
Is rarely repaired oflonortiiaa every five ot atx weeks; th 

la only opensd and Biemined two or three times per jbdt 
tedBBii llUpreontion Is leodBred necessary by the tise of 
™e, thl» pSasmf 1, no olalaola to the work. Osnally the 


enser 
.eek. 



CateTTniaprflSeD[llllUUUBhlH31U WUIC nv<^, k^nuanj .»^ ^........o .«..,.™ «*.."„ ..... .... „, ^ ._ . ._ 

(be nelirhbotlng wall overySalurdBjavenlng when tha work is finiBhed, and it la not necessary to nnnormice 
a ow^fnl idaaning or to remore ths refnse, eicBpt when tlie generatotB ate propBted, The tnbe of the condnlt 
between tha gu generator and Iho condanaa' '*1"l™^^''^fj«'™|^t«,™"'^^^'' ■ Also K""^™ 0" a la^ 



reqnire cleaning moch loBU 
in comparing the ooneiluiF"'- 
seen tliat the first was able t 
have required for 1 cwt , am 



nbustible that the latter would 
10, 1866, lo April 18, lf67, or 



ijGoogle 



PARIS UNIVERSAt- EXPOSITION. 



APPENDIX 0. 



i KIRKALDY ON H 



General als'racl of the resuks of n-j/ei-irnents to asccrlain the mechanical f 
perties'rf linen liars of biUcUironJ'iom the Drgerfors Iron Works, Stoedtn 
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General, abstract of the resulu of experiments to ascertain the mechanir.al jirop- 
erties, ^,, of twelve hammered bars of Fagersta steel of various degrees of 
hardness, tAanitfactured by Christian Aspelin, esq., Sweden. 
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Qeneral nbslraU of the resulu of experimenta, SfC. — OontiQued. 
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General abstract of the results i>f experimeTtts, S^ — Ciuitiimcd. 
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Remits of expcrimentt to agrA-rtain tltemrrXanir.nl pTspFTtien ofniTte rolled pl<des 
of Fagvrata ileel if variom degrees of hardness, jnanvftu-tared by CAtisltan 
Aspelin, e»q,, Swed^t. 
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Resulis of experlinenU to ascertain the mechanical properties, S(c.. — ContiQued. 
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APPENDIX D. 



Prussian lav> granting eorporate righls ta to-optmlivs assuciations. 

We, William, hj the grace of God King of Prussia, &c„ enact, with the 
consent of the two housea of our Landtag, as follows : 

Part l.— Of the fwrnation of the associatmn. 

Section 1. Societies with unlimited membership, whose object it is by the 
transaction of busibess in common to enlarge credit, increase the trade, profitu, 
and further the household economy of their members, viz : 

1. Loan and credit unions; 

2. Kaw material and store unions ; 

3. Unions for the production and Ba.le of fiiiislied wares on a common a(^cnuntp 
(productive association ;) 

4. Unions for the purchase of the necessaries of life wholesale and the 
selling them retail, {consumption asaociations ) 

5. Unions for providing members of such unions with dwelling houses ; 
Acquire under the conditions hereinafter described the rights designated m. 

the present law as those of " registered associations ' 

Sec. 2. The requisites to the constitution of such associ.itions are — 

1. The di'awihg up of the statutes m wiitmg 

2. The assumption of a common namo (fiima ) 

The name of the association must be derived from the object of the under- 
taking, and have affixed to it the title " registered association," 

Heilhertbenames of the members, (associates,) nor those of any other persons, 
must appear in the name of the association. Every new name must be clearly- 
distinguished from those of any previously existing registered association itt 
the same locality. 

Sec. 3. The statutes must contain — 

1, The name and seat of the association . 

2, The object of the undertaking. 

3, The duration of the association in the event of the same being established 
tor a limited period only, 

4 The conditions under which members join and leave the association. 

5. The amount of the shares of the several associates, and the way in which 
these shares are paid up. 

6. The principle upon which the balance sheet is drawn up and the pi-ofits 
are reckoned, and the way in which the balance sheet is audited. 

7. The mode of election and the composition of the managing body, and the 
forms under which the members of this body are invested with their full 
powers. 

8. The forms nsed in convoking the associates. 

9. The conditions under which the associates exercise theii' votes. 

10. The subjects which are not decided by a simple majority of the associate? 
present at a general meeting, but which require a larger proportion of votes oi 
other conditions. 

11. The forms used by the association in making its announcements, and th( 
public journals in which these announcements are made. 

13. The condition that all the associates are jointly and severally liable for 
the debts of the association, and that this liability extends to the whole of their 
private estate. 
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yac. 4. The statutes of the aasociatjon must be deposited witli tbe c 
cial tiibtinal of tlie district in which the association hiis its seal;, and be entered 
in the register of associations, wbicli sb.iH form part of the geiier;il commerdal 
register. An extract of tlie statutes must be published contaiuing the following 

1. The date of the statute. 

9. Theiiame and seat of the association. 

3. The object of the undertaking, 

4. The duration of the undertaking, if limited to a definite period. 
■5. The names and domiciles of the managing body. 

6. The form in which the anaouneements of the association are made, and 
tbe public jouraats in which they are made. 

At the same time public notice is to be given of the fact that the list of tlio 
associates is at all times open to inspection at the tribunal of commerce. 

If tbe statute determines tbe form in which the managing bodygives expres- 
sion to its resolufions and signs on behalf of (he association, this provision is 
likewifie to be made public. 

Sec, 5. Before the association has been entertd on the register it cannot enjoy 
the rights of a registered association. 

Skc. 6. Every alteration in the statutes mnsE he committed to writing, and 
notified to the tribunal of eommorce by tbe transmission of a duplicate copy of 
the resolution passed to that efiect by the association. 

The same process takes place in regard to a etatnte when altered as that 
which took place in regard to tbe original statute. Its pablicatina is only so 
far necessary as alterations have been made in the points originally publiihed. 

Tbe resolutions of the associafion have no legal force until they have been 
entered in tbe register of the commercial tiibunal of the district in which the 
aseociation has its seat. 

Sec. 7. At every commercial tribunal in whose district the assoeiatiou b;w 
a branch establisLraeu', the latter must be entered on the register of associations, 
and the procedure described by sectiuna 4, 5, 6, for the pare)it association be 
observed. 

Pakt I J. — Oflhehgal " status" of the ansocmtes, "vnUT se," and of their legal 
status and of that cf the association towards other persons. 

Sec. 8. The legal "status" of the associates, " ('n^er se," is determined in 
the first instance by the statutes. The latter, however, can only in so far 
deviate f i om the priiicples laid down in the following sections as such devjatiou 
is cxpresslv declared to be allowable. 

In tbe absence of other stipnlalioijs in the statute, gain and loss will be divided 
amongst the associates per bead. 

Sec. 9. The rights which the associates enjoy with reference to tbe aiFairs 
of the association, more particularly in regai-d to tbe conduct of its business, 
the examining and auditing of , the balance abeet, and the determining tbe dis- 
tribution of the profit.?, are exercised by the totality of the associates in genera! 
meeting assembk'd. 

Each associate has a voice at such msetings unless the statatRS stipulate to 
the conti-ary. 

Sec. 10. The registered association can acquire rights and enter into binding 
engagements; it can become possessed of landed property, or acquire other real 
tights on such property ; it can sue and be sued. 

The association is under the ordinary jurisdiction of tbe tribunal of the dis- 
trict in which it has its scat 

The provisions of the general German Merenntile Code and those of tbe 
introductory law of 27th June, 1861, with reference to merebaDts, apply in a 
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similar manner to the a'lDciat oi^ in ai far la the pieient law doe" not consti 
tute exceptions 

Sfic, .11 Ihe associatp? ire j'-intlj and sei-enlly hable with their entire 
estate for the debts of the aisociatio i in ec tar a*: a the vent of li p datioa r r 
bankruptcy the piopeity of the asa c ation is i ot buftic ent to eovei th" 1 ab 1 

Whoever enters into ai exist ng asaoc ati in is ecinally n ith t! e other membera 
liable for the engagements enteiLl mto hy the aasouation befoip h s becoming 
1 member 

Any Btipulat on to the contnry has no binding foice against other persons 

Sec. la Piivate cied Drs of aiioc ates hive not g t the right to claim for 
the satisfacticn of then debta effects claims or iighti which beljng to the 
estate of the as&ouation Such cieditors can only put in an execution attich 
ment, or diatiaint upon that which the associate himself h'wi a claim to in the 
shape of interest or piolit and that which falls to bis share upon the winding 
up of the assf ciation 

Sec. 13 The provisions of the foregoing sectim apply epallj to private 
creditora in favoi of wbcm a mortgage or lien on the property of in associate 
has accrued in vntie ot legil pi cecd i gs such moitgage oi hen not extending 
to the effects, claims, or lights nhich foim pait of the estate of the asBociation, 
but being coufiiied to that which was specified in the last paragraph of the 
foregoing section 

Nevertheless, any ughts or claims which may have been in force against sach 
effects before they became pai't of the property of the association are not inval- 
idated by the foregoing paragraphs. 

Se.c. 14. As long as tlie association exists, claims of the association cannot 
be compensated, either in their whole extent or in part, hy the private claims 
which the person indebted to the association can raise against a member of the 



Sec; 15. If the private creditor of an associate, after fruitlessly distraining 
upon the privat" nroperty of such associate, obtains a right of execution upon 
the share which would accrue to the associate upon the winding up of the con- 
cern, he can, whether the association be founded for a limited or ardimited 
period, demand for the satisfaction of his debt that the associate leave the asso- 
ciation. Notice to that effect must, however, he given at least six months pre- 
vious to the close of the financial year. 

Part III. — Of the managing body, the council of mpervision, and the gen- 
eral meeting. 

Sec. 16. Every association must have a managing body elected from amongst' 
the associates. By it the association is represented jadieially and extra-judici- 
ally._ The managing body can consist of one or more members, who may be 
salaried or not. It is at all times removable, with a claim, however, to com- 
pensation if such arise out of existing contracts. 

Sec. 17, The names of the managing body mast immediately on their nom- 
ination be notified to the commercial tiibnnal and be entered on theregister, and 
the tribunal most be made acquainted in an official form with their signature. 

Sec. 18. The managing body sign for the association. If the statute con- 
tains no particular stipulation on the subject, the signatures of all members of 
the managing body are required. 

Sec. 19. The association obtains rights and is subject to obligations in all 
legal matters entered into by the managing hody on their behalf It is matter 
of indifference whether such bnsinesshas been concluded expressly in the name 
of the association, or whether circumstances prove that it was the will of tHe 
contracting parties that it should be concluded for the association. 

The- competency of the managing body, in representing the association, ex 
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tends to thoae affairs and legal proceedings for which the Uw requires special 
fuU power.. To legitimate tho managing body in all matters concerned with 
the registry of mortgages, a certificate of the commercial tribunal, to the efiect 
that the perBOoa designated are the managing body, eufaceB. _ , , ^ ., 

Sec 20. The managing body ia bound to observe the limits placed to_ ita 
functions by the statutes or by the resolutions of a general meeting. This Imi- 
tation of the powers of the maviaging body, however, is not valid as agamat 
other persons. , i ■ i * ^i. „=« 

Ser. 21. Oaths can be taken by the managing body in the name ot tne asso- 

"^"^Sbc! 22. Changes in the members of the managing body must be notified 
and entered on the register. ... ^. ■ ,■ if 

Sec 23. In serving writs on, or giving legal notices to, the assocmtion, it 
suffices that this should be done npon, or to, a member of the managing body 
who is empowered to sign on behalf of the association. 

Sec. 2i. The managing body is hound, at the end of each quarter, to notify 
to the eommereiaJ tribunal the names of the members who have joined.and ot 
those who have leii; the association during the quarter, and once a year, m Jan- 
uary, to give an exact alphabetical list of ail the members. 

The tribunal rectifies, by these lists, the original list deposited with it. 

Skc 26. The managing body must, within the first six months of each iinan- 
cial year, publish the balance- sheet of the preceding year, and the number ot 
the actual members of the association. ■ i i 

Sec. 26. Members of the managing body who have in that capacity acted 
beyond the limit of their powers, or against the provisions of the present law, 
or of the statutes of tlie association, are liable, with then- whole estate, tor the 
losses which may accrue out of such acts. .j. ■, . ^v , 

If they busy themselves with other objects than those specified in the present 
law, (section 1.) or if they allow, or do not prevent, the discussion of subjects 
at the general meetings which have no reference to the business of the associa- 
tion, but are concerned mth public affairs, (see section 1 of the law of March 
11, 1841, for the prevention of the misuse of the right of meeting,) they incur a 
fine of aOOthalers. , . ., l -j vi, ti.^ 

Sec. 27. The statutes can provide for the creation, side by side with the 
managing body, of a council of supervision. This council superintend the ad- 
ministration of the managing body, in all its branches. It acquaints itself with 
the state of its affairs, inspects the books and the cash-balances, and can con- 
voke general meetings. It can. pending the decision of the general meeting, 
and if it should seem necessaiy, depose the managing body, and take tne neces- 
sary measures for the provisional transaction of the business. It must exammc 
the yearly accounts, and report thereon to the general meeting. ^ 

Sec 28 The council of supervision is charged to bring actions at law against 
the managing body, if the general meeting has resolved on such action. 

If the association haa to bring actions against membera of the council ot 
supervision, it must, by the vote of a general meeting, name persons, with tlie 
necessary full powers to can-y on the suit. .^ . r - 

Ever/member of the association is authorized to mtei-vene m the suit, at his 
own expense. . , , , . .i,„, „„„ 

See 29 Full powers can be given by the association, ad Jioe, to otner per- 
sons than the members of the managing body, or the council of supervision ; the 
exact extent of the functions thus vested in these persons being exactly speci- 
fied in the ftiU power. , n , .r .- i. ^- „„i„.= 
Sec. 30. The general meetings are convoked by the executive body, unless 
otherwise specified in the statute. , .c 3 ■ ,i. 

General meetings, besides the occasions for such meetings specihed m the 
Statute, are to be convoked whenever it appears m the interest of the association 
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Sec. 31. The convokiug of the general meeting must take place according to 
the ibrme fixed by the statutes. 

The subjects for diecuseion mast, on every occasion, be notified simul- 
taneouBly with the convoking. No resolutione can be passed upon aubjecta of 
■which notice has not thus been given. For the mere proposing of resolutions, and 
for dJBcnsBions not ending with a formil resolution uo such notice is reijuired. 

_ Sec. 32. The managing body is bound to observe and execute all the pro- 
visiona of the statutes is well as the resolutions of the general meetings passed 
conformably to the said statutes 

The resolutions of the general meetmgs must be entered in a register of pro- 
tocols, which must be open to the inspection of every associate, and of the 
organs of the government 

Part IV.— O/';; 

Sec. 33. The association is dissolved — 

1. By the conclusion of the period for which it was formed; 

2. By a resolution of the association ; 

3. By a declaration of bankruptcy. 

Sec. 34. If an association is guilty of illegal acta by which the welfare of the 
community suffers, or if it pursues other objects than liose business objects speci- 
fied in the present law, (sec. 1,) it can be dissolved without claim to compensation. 
In such a case the dissolution can only take place upon the passing of a 
judicial sentence on the piosecution of the district lutboiities The competent 
tribunal is that to whose ordmaryjonsdi'.tion the association is subject 

The sentence of the tribunal is to be commumc-Hed to the tribunal which 
keeps the register of the association thit it may be entered tbeiem and pub- 
lished, according to section 36 

Sec. 35. The dissolution of the aspoc ation if it does n it t ike phce in con- 
sequence of a declaiation of bankiuptcy mutt be not fii,d by the mtr aging body 
for entry in the. register of the association, and must be announced three times 
consecutively in the public journals. 

This announcement must besides call upon the creditors of the association to 
send in their claims to the managing body. 

Sec. 36. The declaration of bankruptcy is to be officially entered in the 
register by the tribunal charged with the bsinkrnptcy proceedings, and notice of 
the same is likewise to be published in the public papers. 

Sec' 37. Every associate has the right to leave the association. If tbei-e 
are no express stipulations in the statutes on the subject, the associate can 
only leave at the close of the financial year, and must give a four weeks' notice 
at the least. Membership, moreover, ceases witli death, anloss the statutes 
contain stipulations carrying such membership on to th 1 ir 1 1 w 

The association can, on grounds which mu^t be spcufi dm th tt t 11 

members from the association. 

Sec. 38. The associates who leave, oi who aie 1 d 1 f m th 
ciation, ae also the heirs of deceased members, remii 1 11 f II d bt i 
the association contracted before the date of the cesnat f mb h p I 

the period of limitation. 

Unless the statutes contain stipulations to the contra y tj h 

claims on the reserved fund, or the corporate property f th t 1 

can only demand the repayment of their shares with th d vid d d j 

them, such repayment to be made within three month t th 1 m^ th 
association. 

The association can only protect itself against such a claim, evoa if the prop- 
erty of the. association should have diminished at the time of such cessation of 
membership, by dissolving itself and proceedmg to wind up the business. 
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Paet V. — Of tht winding up of tltv association. 

SBC 30. AflBi tlio ai..iiliiliou of th. a.Bootatim, eicept in the me of 
taikimlc; to wmdtaB op of if. bn.ioe.. is undertoken by tie m.i,.i?«(r 
Sy S t, r..t«e? ./. ™olu.io„ of the a,.ooi..io. «S»'"»™«'Jf' 
™i™o!foithatp»ipo.e. The.ppoi,itme»toftli.l.qmd.tor.> dw.y.reTOC»bl«. 
■^ sTo M. Tho' li5„ia.to™ mit be notiiSed to tie tnbuml of •o™™ J"^ 
tlioi, ™e. entered' 0. tteregi.ter. If . liqmd.tor y.o.lo. bi. olHoe, o, it hv, 
power of attorney eipires, notice must bkewue be given. „„,„„, ,„ 

Seo. 41. The relations of the liquidators towards other persons are 
detemined by sections 25 and 40 of lie General German Commercial Code, 
ft rC are SCToral hqnidat.r. they e.n only legally transact bu.ine,. by domi; 
„ nrmmon, nnless it be specially slipnlated that they can do so mamdu. y 

Seo 42. The linnidntors have to wind up the enrrent bnsiness, to fnlil 
the eneacements of tie dissolved association, to call in outstanding claims, and 
Sconfert Se property of the association into cash. They have to represent 
tLii ion juLily andexlrsjadieially , they can compound and make c™^ 
nromises To wind up current bnsinos., tbey can enter into fresh engagemente. 
"^Triouidators can mly effect tbesale of real propettybyauelion,niil.ss there 
bsstiouffions to the contrary in th. statute or resolution, ot the association. 

SrJ The limitation, of the functions of the hiuidators a, against other 

•"Sr Jl'm itidl™ h.™ to give their sigmitur. in .u.h a manner that 
they akx their name, to th. former name of the usociatiou which is now to he 
desiimated as the name of th. union to be wound up. 

Sfc M. The liquidators have, in the management of the business committed 
into their hands, to e.nfom themselves to .he resolutions passed by the general 

"frn'm The moneys iu the hands of the a.soeiation at the tim. of di.solu- 
doniti;... which dudng the process of winding up Sow into the bauds of 
tie liquidators, are to be applied as follows ; 

(...) First, the creditors of the association are to be satisfied as the money 

"j?^ rrt"wS'r™i.s, the share,, with the dividend, accrued up.n them, 
„ t'o' be ^^d tithe associates. Ifth.a.s.ts areno, •»«*"''•?■?*•"» 
full, the distributiontakespkc.«>cordi.gt.the..lativ.pr.port,o.,ofj^^^^^^ 

(c.) From what remains alter paying th. d.bts of '?«.«»7™'!»" "'' ''t 
shScs of the members, there will, in th. first place, be di.tnbntso *• P»«= f 
the last year as prescribed by the statute.. If any property should tnen remain, 
tto .amenta the absence of Special stipulation, to thateilect, shaU be distributed 

amongat the members per head. , . in t.„„, «i,n„i^ 

sJ. 47. The liouidators must begin by drawing up a balauee-sheet. Shou d 

th.L«lt of this hSanc-sheet be that the property of *» ~«T™v'™th; 
. siv. of the reserve 6i«d and the sh»» capital) docs «' . '"f "» "^,1 Jy 
debts of the association, the liquidators have at one. on their own i-osponsioiiiiy 
fo <3l a gen "»1 meeting, and l.renpon, if within .ight days th. associate, have 
"otTonXted sufficienlly t. cover ^be "f .*'? ''"•': ^^.t'^r 
ing of the commercial bantrtiptey in regard to the ass.B of th. •f^'^^^'- 

Sbo 48. Notwithstanding the dissolution of the aasocialion the l«g>l »'»««» 
of the associates i.ier ,s, and towards other persons, remains untJ the close ot 



he associates inter se, and towards otnor p.rsnm, ,.„,-.». «j... .T -~ ", 
the liquidation the same a. that laid down m part. II and M f '''Y'='" 
kw. In th. event of the dissolution of the ™«™<'"' »° ™"'".;," °T,'.. 
liable bv m.ans of reeress on account of the smaller amount of the caEs on shares 
wHchhe™? have paid according to the statutes, by the other members of 
StSdaSwhobLepaidupmLontbeirshares. The lunsd-ion under 
which the union was at the tune of its dissolution remains m force tor the 
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a. which ia to be dissolved, till the cloao of the winding up. ' Citations ad- 

„.ied to the asBociations can be delivered to the hand of oue of the liquidators. 

Sec. 49. After the conclusion of the winding up, the hooka and papers of the 
late associations are to be given into the custody of one of the former associates, 
or of a third person. If agreement cannot be come to as to who thia person 
should be, the tribunal of commerce determines. 

The associates and their heirs retain the right of examining and using these 
hooks. 

Sbc. 50 Besides tbe case provided for by section 47, bankruptcy ia declared 
whenever the association, either before or after dissolution, has stopped payment. 
(See section 281, No. S, of the bankruptcy law, &c.) 

The notice of such stoppage of payment, if befoi-e the dissolution of the asso- 
ciation, must be given by the managing body ; if aftervrards, by the liquidators. 

The asaociation is represented in the oue case by the managing body, in the 
other by the lic|;uidators. Such representatives have to appear peraoaally to 
give tbe necessary information, as in the case of an ordinaiy debtor, A concor- 
dats cannot take place. 

The declaration of bankruptcy in regard to the corporate property of the as- 
Bociatiou does not involve a declaration of bankruptcy in regard to the private 
property of the associates. 

The decisiou in regard to the opening of bankruptcy mnat not contain the 
names of the members who are jointly and severally liable. 

As soon as the bankruptcy proceedings are ended the creditors have the right 
to recover their claims (only in so far, however, as they were put in and verified 
during the bankruptcy proceeding, but inclnsive of interests and costs) on the 
private property of the individual associates. 

Part IV, — Of the limitation of claims against associates. 

Ssc. 51. The limitation of claims against an associate for debts incuiTed by 
the association during membership comes into force two years after the dissolu- 
tion of the association, or after the date of his quitting the association or being 
excluded from it, in. so far as the peculiar character of the claim does not involve 
a shorter period. 

The two years are reckoned from the day on which the dissolution of tbe as- 
sociation was entered on the register, or the ceBsation of membership was noti- 
fied to tbe tribunal of commerce. If the claim became only due after this date, 
the time ia reckoned from the date at which such claim became due. If there 
remain undistiibutcd assets, the two years' limitation cannot be enforced against 
the creditor in so far as he founds his claim only on the corporate property of 
the association. 

Sec. 5S. The limitation in favor of a mcmbei i^ho has quitted it or been 
excluded is not inteiTupted by legal proceedings tindertakcn agamst another 
member of the association, but by legal jiroceedings undeitaken against the still 
existing association. 

The limitation in favor of a member of the assouatii ni^ho belonged to it at 
the time of dissolution is not inten'upted by legal piuceedinga undeitaken agamst 
the liquidators or the bankruptcy. 

Sec. 53. The limitation tuns likewise against minois and persons under 
guardianship, as well as against corporations which legally enjoy the rights 
of minors, without admittance of the restitutio m infegrwm, but with the proviso 
of redress against the guardians and administrators 

Concluding pro visions . 

Sec. 54. The commercial tribunal holds the managing body to the observ- 
ance of sections 4, 16, 17, 22, 34, 35,- 32, 36, 40, by the infliction of fines and 
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penalties, as provided io section 5 of tte introductory portion of the General 
German Oonimercial Code of 24th June, 1861. 

Inaccuracies in the notices given by the managing hody are to he fined 20 
thalera. 

Sec. 55. Section 55 does not esclude more rigorous meafluies, if they are 
enjoined by other kwa. 

Sec. 56. The cegistratioua take p!aco free of cost. The details respecting 
the way in which the registers shall be kept will be given in a general instruc- 
tion, to he drawn up by the ministers for commerce, industry, and public works, 
and justice. 

The ministers aforesaid are charged with the enforcement of the present law. 



[Extract from the French law of "Companies," of 24tli to 29[li January, A. D. 1867.] 
Title III. — Particular provisions Jbr societies with variable capital. 

Art. 48. It may he stipulated ia the by-laws of any society that the capital 
of the society will be susceptible of augmentation by auccessive payments made 
by the members or the admission of new members, and of diminution by the 
withdrawal, total or partial, of the payments already made. 

The societies whose by-laws shall contain the above stipulation will he sub- 
ject, independently of the general rules which apply to them according to their 
particular form, to the provisions of the following articles : 

Art. 49. The capital of the society may not be iixed by the constituting laws 
of the society above the sum of 200,000 francs. It may be augmented by the 
deliberations of the general assembly held from year to year. Each augmenta- 
tion may not exceed 200,000 francs. 

Art. 50. The shares or coupons of shares will bear the name of an individual. 
Even after their entire liberation they may not be less than 50 francs. They 
will only be negotiable after the definite constitution of the society. The nego- 
tiation can only take place by transfer on the register of the society ; and the 
by-laws may give either to the executive, coancil or to the general assembly the 
right to oppose the transfer. 

Art. 61. The by-laws will determine a sum below which the capital may not 
be reduced by the withdrawals authorized by article 48. The sum shall not 
be less than one-tenth of the capital of the society. The society will bo defi- 
nitely constituted only after the payment of the tenth. 

Art. 53. Each member shall be able to retire from the society whenever he 
may think proper, except by contrary agreement, and except as provided by 
the first paragraph of the preceding article. It may he stipulated liiat the gen- 
eral assembly shall have the right to decide, by the majority necessary for the 
modification of the by-laws, that one or more members shall cease to form part 
of the society. 

Members who cease to form part of the society, either by their will or by the 
decision of the general assembly, will remain hound to the society and to third 
pai-ties, during five years, for all the obligations existing at the time of their 
withdrawal. 

Art. 53, The society, whatever may be its form, shall appear in court by its 
officers. 

Art. 54. The society will not be dissolved by the death, withdrawal, sus- 
pension, failure, or bankruptcy of one of the members ; it will continue in full 
force between the other members. 
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ANNO VICESIMO QUINTO & TICESIMO SESTO VICTORIA KEUIKJii 
CAP.LXSXVIL— Anaetto consolidate and a 



he industrial and provident Bocieties act, 1853, it ia enacted, 
that it stall be lawful for any number of persona to eatablisli a society nuder the 
provisions thereof ^and of the thereia. recited act, for the purpose of raising by 
TolTmtary subacriptiona of the members thereof a fund for attaining any pur- 
poae or object for the time being authorized by the laws in force with respect to 
friendly societies or by the said recited act, by carrying on or exercising in com- 
mon any labor, trade, or handicraft, or several labora, trades, or handicrafts, ex- 
cept the working of mines, minerals, or quarries beyond the limits of the United 
Kingdom of Gieat Britain and Ireland, and also except the bcsiness of bankinfi:, 
■whelier in the said United Kingdom or elsewhere, and that the said act shall 
apply to all societies already established for auy of the purposes herein mentioned, 
BO soon as they shall conform to the provisions hereof; and whereas by an act 
passed in the seventeenth and eighteenth years of her present Majesty, chapter 
twenty-five, various provisions were madp for the bettei' enabling legal proceed- 
ings to be carried on in any matter concerning the societies formed under the 
said act of 1852 ; and whereas the last-mentioned act was amended by an act 
passed in the first session of the nineteenth and twentieth years of her present 
Majesty, chapter forty ; and whei'eaa various societies have been formed and 
are now can-ying on business under the provisions of the said i-ecited acts, and 
it is desirable to consolidate and amend the laws relating to euch societies : Be 
it therefore enacted by the Queen's most excellent Majesty, by and with the 
advice and consent of the Lords spiritual and temporal, and Commons, in this 
present Parliament assembled, and by the authority of the same, as follows : 

1. The industrial and provident societies act, 1853, and the said recited acts 
for the amendment thereof, are hereby repealed from the passing of this act. 

2. All societies registered under the industrial and provident societies act, 
1853, shall be entitled to obtain a certificate of registration on application to the 
registrar of friendly societies, and for which certificate no fee shall he payable 
to the registrar. 

3. Any number of persons, not being less than seven, may establish a soci- 
ety under this act for the pui-pose of carrying on gny labor, ti ade, or handicraft, 
whether wholesale or retail, except the working of mines or quarries, and except 
the business of bankin" and of applying the profits for any purposes allowed 
by the fr dly t eta, or otherwise permitted by law. 

4. The 1 f y uch society shall contain provisions in respect of the 
several m tt nt d in the schedule annexed to this act. 

5. Tw p f tl -ales shall be forwarded to the registrar of friendly 
societies E 1 d Scotland, or Ireland, according to the place where the 
ofRce of th ty IS t ate, and shall be dealt with by him in the manner 
provided by the friendly societies act, 1855 ; and he shall thereupon give his 
certificate of registration, and such certificate shall in all cases be conclueivn 
evidence that the society has been duly roistered, and thereupon the members 
of such society shall become a body coi-porate, by the name therein described, 
having a perpetual succession and a common seal, with power to hold lands and 
buildings, with limited liability. 

6. The certificate of registration shall vest in the society all the property that 
may at the time be vested in any person in trust for the society ; and all legal 
proceedings then pending by or against any such trustee or other officer on ac- 
count of the society may be prosecuted by or against the society in its regis- 
tered name without a' 
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7. A copy of the rules shall be delivorccl by the society to e\ery person, on 
demand, on payment of the sum not exceeding one shilling 

8. No society shall be registered under a name iJentiLal with that by which 
any other existing^ society has been registered, oisjnearlyreaembling such name 
as to he likely to deceive the members or the public md the word " limited" 
shall be the last word in the uauie of every society irgistered under this act. 

9. No member shall be eutitled, in a society rcgntered nnder this act, to hold 
or claim any interest esceediug the sum of two huudied pounds 

10. Every society registered underthis act shall puntoraffis andahailkeep 
painted or afBxed, its name oa the otitside of eveiy office or place in which the 
business of the society is carried on, in conspicuous position, in letters easily 
legible, and shall have its name eugraveu in legible characters on its seal, and 
shall have its name mentioned in legible characters inall notices, advertisements, 
and other official publications of such society, and in all bills of exchange, prom- 
issory notes, indoreements, cheques, and orders for money or goods purporting 
to be signed by or on behalf of such company, and in all bills of parcels, in- 
Toices, receipts, and letters of credit of the society. 

11. If any society under this act does not paint or a£Bx, and keep painted or 
afSxed, its name in manner directed by this act, it shall be liable to a penalty not 
exceeding five pounds for not so painting or affixing its name, and for every day 
during which such nameis not so kept painted or affixed; and if any officer of 
such society or any person on its behalf uses any seal purporting to be a seal of 
the society whereon its name is not so engi-aven as aforesaid, or issues or author- 
izes the issue of any notice, advertisement, or other official publication of such 
society, or signs or authorizes to be signed on behalf of sach society any bill of 
exchange, promissory note, indorsement, cheque, order for money or goods, or 
issues or authorizes to be issued any bill of parcels, invoice, receipt, or letter of 
credit of the society, wherein its name is not mentioned in manner aforesaid, he 
shall be liable to a penalty of fifty pounds, and shall further be personally liable 
to the holder of any such bill of exchange, promissory note, cheque, or order 
for money or goods, for the amount thereof, unless the same is duly paid by the 
society. 

13. Every society under this act shall have a registered office to which all 
communications and notices may be addressed. If any society registered under 
this act carries on business without having such an office it shall incur a penalty 
not exceeding five pounds for every day during which business is so carried on. 

13. Notice of the situation of sach registered office, and of any change there- 
in, shall be given to the registrar, and recorded by him : until such notice is 
given, the society shaJl not be deemed to have complied with the provisions of 
this act. 

14. The rules of every society registered under this act shall bind the society, 
and the members thereof, to the same extent as if each member had subscribed 
his name and affixed his seal thereto, and there were in such rules contained a 
covenant on the part of himself, his heirs, executors, and administrators, to con- 
form to such rules subject to the provisions of this act ; and all moneys payable 
by any member of the society in pursuance of such rules shall be deemed to 
be a debt due from such member of the society. 

15. The pi-ovisions of the friendly societies acts shall apply to societies reg- 
istered under this act in the following particulars ; 

Exemption fi-om stamp duties and income tax; 
Settlements of disputes by arbitration or justices ; 
Compensation to members unjustly excluded ; 
Powers of justices or county courts iu ease of fraud ; 
Jurisdiction of the registrar. 

16. The provisions of the friendly societies act, 1854, whereby a member of 
any society registered thereunder is allowed to nominate aay person to whom 
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his investment to such society shall be paid, shall extend, in the case of socie- 
ties registered under this act, to allow any member thereof to nominate any per- 
son into whose name his interest in such society at his decease shall be transfer- 
red ; provided, nevertheless, that any anch society may, in lieu of making such 
transfer, elect to pay to any person so nominated the full value of such interest. 

17. Any society registered under this act may be wound up either by the 
court or voluntarily, in the same manner and under the same circumstances under 
and in which any company may be wound up under any acts or act for the time 
being in force for winding up companies ; and all the provisions of such acts or 
act with respect to winding up shallapply to auch society, with this exception, 
that the court having jurisdiction in the winding-up shall be the county court of 
the district in which the office of the society is situated. 

18, In case of the dissolution of any such society, such society shall neverT 
theless be considered as subsisting, and be in all respects subject to tlie provisions 
of this act, so long and so far as any matters i-elatiug to the same remain unset- 
tled, to the intent that such society may do all things necessary to the winding 
up of the concerns thereof, and that it may be sued and sue under the provisions 
of this act, ill respect of all matters relating to such society. 

19. The provisions of the joint stock companies acta as to bills of exchange 
and the admissibility of the register of shares in evidence shall apply to all 
societies registered under this act. 

20, la the event of a societj registered under this act being wound up, every 
present and past member of such society shall be liable to contribute to the 
assets of the society to an amount sufficient for payment of the debts and lia- 
bilities of the society, and the costs, charges, and expenses of the winding up, and 
for the payment of such sums as may be reijuired for the adjustment of the rights 
of the contribu tones among themselves, with the qualifications foDowing — that 
is to say : 

1. No past member shall be liable to contribute to the assets of the society 
if' he has ceased to be a member for a period of one year or upwards prior to 
the commencement of the winding up. 

3. No past member shall he liable to contribute in respect of any debt or lia- 
bility of the society contracted after the time at which he ceased to be a member. 

3. No past member shall be liable to contribute to the assets of the society 
nnlesB it appears to the court that the existing members are unable to satisfy 
the contributions required to be made by them in order to satisfy all just demands 
upon such society. 

4. No contribution shall be required from any member csceeding the amount 
(if any) unpaid on the shares in respect of which he is liable as a past or p 



31, Any society registered under this act maybe constituted a company under 
the companies acts, by conforming to the provisions aet forth in such act, and 
thereupon shall cease to retain its registration ander this act. 

22. Eveiy person or member having an interest in the funds of any society 
registered under this act may inspect the books and the names of the members at 
all reasonable houre at the ofGce of the society. 

23. The sheriff in Scotland shall, within his county, have the like jurisdic- 
tion as is hereby given to the judge of the county court in any matter arising 
under this act. 

24. A general statement of the funds and effects of any society registered 
under this act shall be transmitted to the registrar once in every year, and shall 
exhibit ftilly the assets and liabilities of the society, and sliall be prepared and 
made out within such period, and in such form, and shall comprise such partic- 
ulars as the registrar shall from time to time requu-e ; and the registrar shall 
have authority to require such evidence as he may think expedient of all mat- 
ters requii-ed to.be done, and of all documents required to be transmitted to him 



.y Google 



90 PARIS UNIVERSAL EXPOSITION. 

under this act ; ancl every member of or any depositor in any auch society stall 
be entitled to receive, on application to the treasurer or secretary of tbat society, 
a copy of sucB statement, without making any payment for the same. 

25. All penalties imposed by this act, or by the rules of any society regis- 
tered Trader this act, may be recovered in a summary manner before tWo justices, 
as dbected by an a«t passed in the eleventh and twelfth years of the reign of 
her present Majesty Queen Victoria, chapter forty-three, entitled, " An act to 
facilitate the performance of the duties of justices of the peace out of sessions 
within Bng'land and Wales, with respect to summary convictions and orders." 

30. This act maybe cited as "The industrial and provident societies act. 



SCHEDULE OP MATTERS TO BE PROVIDED FOK IN THE RULES. 

1. Object and name and place of office of the society, which must, in all cases, 
be registered as bne of limited liability. 

2. Terras of admission of members. 

3. Mode of holding meetings and right of voting, and of making or altering 
rales. 

4. Determination whether the shares shall be transferable; and in case it be 
determined that the shares shall be transferable, provision for the form of trans- 
fer and registration of shares and for the consent of the committee of manage- 
ment and confirmation by the general meeting of the society ; and in case shares 
shall not be transferable, provision for paying to members balance due to them 
on withdrawing from the society. 

5. Provision for the audit of accounts. 

6. Power to invest part of capital in another society; provided that no such 
investment be made in any other society not registered under this act, or the 
joint stock companies act, as a society or company with limited liability. 

7. Power and mode of withdrawing from the society, and provisions for the 
claims of executors, administrators, or assigns of members. 

8. Mode of, application of profits. 

9. Appointment of managers and other oiBccrs, and their respective powers 
and remuneration. 

PROVISION AUTHORIZING INDUSTRIAL PAETNERSHIPS. 

Extract from the "act to amend the law of partnership," 28 and 29 Vic- 
toria, chap. 86, (July 5, 1865 :) 

" No contract for the remuneration of a servant or agent of any person en- 
gaged in any trade, or undertaking by a share of the profits of such trade o 
undertaking, shall, of itself, render such servant or agent r ■'■^" "" 

partner therein, nor give him the rights of a partner." 



APPENDIX 
LAW OF LIVRET IN PEAKCE. 
Instruciions as to the livreU of workmen. 

rRt;Fl!CTUIlE UF POLICE, IST DIVISION, 4TH OFFICE, 2d SbOTIOIV, 

Paris, October 15, 1855. 

Gentlemen : In order to respond to wants strongly felt in the industry of 

the country, the government of the Emperor has presented and had adopted 

by the legislative power a law as to the discharge of workmen. This law was 

promulgated the 33d of June, 1854, and was followed by an miperial decree 
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designed to regulate its applicatioii, and bearing date the 30th of April, 1855, 

I have preacribed by an ordinance of police, dated this day, the publication 
in the department of the Seine of these two acta of the Bovereign power, of 
which I have to enforce the execution, with your assiatance. It is my duty, in 
notifying you of the new regulation, to make you appreciate its full importance, 
and to facilitate your stady of it by a 'few general instructioaa. 

The Uvret, which the ill-disposed have sometimes aought to diacrodit and 
render unpopular, is an inatitutiou beneficial and protecting to the workmen. 
It assures to him the support of authority, and becomes for him an incontro- 
vertible title to confidence and esteem, i'ar from being au assault on his liberty 
and dignity, it has marked the emancipation of induaSy, of which it has been 
the consequence, and, as it were, the declaration. 

The law of the 22d germinal year XI, which created this institution, at least 
in its preseat form and effect, is due to the genius of the First Consul and the 
eollaboratioa of Ohaptal. This law has remained as the true code of labor, 
which it haa regulated with a profound underatanding of the wants and con- 
ditions of modern industry. However, time had revealed certain deficiencies in 
this first regulation ; and, on the other hand, the rapid development of French 
induatry had brought new wants, for which the last government had tried to 
provide by presenting various projects to the chambers, none of which have 
become a law. 

It remained for the Emperor Napoleon III to complete the work of the 
First Consdl. It is this which he has now done in endowing the national 
induatry, which alreadyowes so much to his reign, with a legislation vainly de- 
manded for twenty yeai'S. 

Faithful to his constant solicitude for the laboring elaasea, the Emperor haa 
been pleased to attach new favors to the institution of which we speak. Hence- 
forth the Uvret will take the place of passport in the interior. It will be a 
necessary title to participate in the election of the consul des frud/tommea ; in 
short, it will remain in the possession of the workmao and serve as permit of 
residence and for all other papers of surety, instead of beiug deposited, as for- 
merly, in the hands of the chief of the establishment. 

By the last innovation, of which he has personally taken the initiative, the 
Emperor has wished to honor the position of the workman, and to give to his 
relations with his employers that character of equitable equality which, hith- 
erto, they have not had. One cannot doubt that such proofs of interest will 
touch those who are the object of them. 

I owe you, gentlemen, these preliminary explanations, which will sei-ve to 
make you grasp the spirit, general tendency, and liberal character of the new 
law. They are, moreover, the natural prelude to the examination which I have 
to make with you of the provisions, purely administrative, of which you are to 
aeeond the application. I now enter on this examination, which, for greater 
cletvmesB, I will divide into a certain number of paragraphs. 

1, — Pbofessions and workmen to whom the ose of the livket applies. 

The first article of the law of the g2d of Jnne haa for its object to generalize 
the usage of the Uvret without making it go out of the circle purely industrial. 
It extends the application of this institution to professions which had remained 
outside of the prescriptions of the law of the year XI. 

The terma of this article are cleair and precise. A few explanations, how- 
ever, will not be improper. For example, it mentions, as under the obligation 
of the Uvret, the work people of both sexes. This provision is new and deli- 
cate. It should be applied with a wise reaerve, and confined within the limits 
fixed by the legislature itself. Observe here how the government explains 
itself in this particular in the statement of the motives of the law, 

" Since the year XI the large manufactures have very greatly multiplied,, and 
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the employment, every day more extended, of mechanical means, has pei'mitted 
womeu to accomplish in these eBtahlishmeats tasks which, before, were inter- 
dicted _to them. In this respect, moreover, it is not a novelty which tlie law 
propoBSB. There exists a ceitain number of factories where women have a 
liwet as well aa the men, and practice has shown that this usage presents only 
advantages." 

On his part the reporter of Ihe commission thus expressed himself before the 
Corps Legislatif: 

" Your commission has rejected a provision which would have extended to do- 
mestics, day laborers, dressmakers and seamstresses, working by the day, and 
all persons in respect to whom the execution of the. law would be, so to speak, 
impossible, and whom it was not the intention of the government clearly ex- 
pressed by its statement of motives to make subject to it." 

These observations determine the sense of the law. To speak properly, the 
legislature has wished, with regard to women, merely to sanction the pre-exist- 
ing usages, aud all shows that it had particulai-ly in view the work people of 
fectories, and those who exercise an industrial profession, properly so called. 

It is within this limit, for the present, at least, that I*ahall cause the law to 
be executed. It will be proper, therefore, that you abstain from all initiative in 
regard to female operatives hitherto not subject to the use of the livrel, limiting 
yourselves to facilitating the procuring of this title by those who seek it volun- 
taiily. It will only be after a certain time of experience that the administra- 
tion will be able to fix its jurisprudence on this point. 

Thei'C are certain professions which resist the adoption of the livret by claim- 
ing for those who exercise them the quality of artists. The law furnishes on this 
pretension a very simple means of solution by making the liwet an electoral 
'condition for the formation of the cmsul des prtidhommes ; every indi\'idual 
who will have or would like to take part in this election will be held to the 
obligation of the livret. 

On the other hand, somehave submitted at times to this obligation under pre- 
text that they have no patentes — persons working directly for the consumers 
without intermediates. This is an error; these persons are not operatives; they 
are manufacturers, patented or not. 

2, — Of the giving of the livrets. 

In future the livret may not be obtained except on the production of an act 
certified by you conformably to the 2d paragraph of the 46h article of my ordi- 
nance. You will have, therefore, in the delivering of the livrets an essential 
part to perform on the subject of which I should enter into some details. 

For a long time complaints have arisen about certain frauds which reduced 
the livret to a useless foimality ; these frauds ai-ose from the facility with which 
the unfaithful workman could obtain a new livret after having left a previous 
one in the hands of an employer whom he had cheated. To put an end to tliis 
manceuvre the various projects presented to the chambers had surrounded the 
delivering of a livret with a long series of justifications in some respects fortified 
by the sanctity of an oath, by means of which it was hoped to assure at last 
the right of this title. 

This was an error. For all that they were so miuute, such precautions re- 
mained always impotent to prevent all the frauds, and they had the serious 
inconvenience of multiplying the formalities to the extent of becoming arrogant 
and vexatious for the mass of honest workmen. The new law proceeds by 
quite different means and infinitely more equitable a«d worthy. Instead of 
detailing a series of requisites, nai-row and exclusive, it confides in the prudence 
of the administi-ation as to the guarantees to be required ; it supposes the good 
faith of the workman, and gives him every facility for obtaining a liwet ; but it 
puniahee bad faith and visits with a correctional penalty manceuvres and false 
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declarations, of which, moreover, it secures the evidence. It follows from this 
system that in the eseeptional cases where the workman ia not in a position to 
conform to the iisnal requiremente he can obtain a Uvrel hy a simple declaration 
signed hy him, but at his risk and peril, and nrider the sanction of article 13 of 
the law of 32d of June, wkinA should he read to him beforehand. Such is the 
provision of artide 3 of the decree of the 30th of April, to which I invite yoa 
to refer each time tliat you may have to make application of it. In prescribing 
the reading of the penal text, the decree has sought to prevent a provision alto- 
gether benevolent toward the workman from becoming a snare for his inexperi- 
ence. This formality ia therefore an act , the omission of which would involve 
yonr conscience and yonr responsibility. 

Ton will remai'k that the provision which I have just mentioned is in no- 
wise intended to set aside the conditions and guarantees hitherto required. It 
will only be nnder rare circumstances that it will be necessary to rest on the 
simple declaration of the candidate. Bat in ordinary cases you will have to 
require of the workman who solicits the certificate required by article 4 of my 
ordinance, the proof of his identity and of hie industrial position. This last 
proof will he given in future before you; it consists in general of the produc- 
tion of a discharge from apprenticeship, of certificates of labor given either by 
the former master or by the one who desires to employ the candidate, or, in short, 
of other similar documents. 

Supposing the seeker to produce proofs of this nature or to demand the benefit 
of article 3 of the decree of the 30th of April, it will remain for you to fulfil 
his demand. I have had printed a form of certificate which it will be your duty 
to deliver, and copies will be furnished to you provisionally by my prefecture. 
This will be filled out by the commissioner of police of the place of residence of 
the woik-man. As I have said, it will be indiscriminately required of all work- 
men who demand a Ueret, he he even a native of Paris. As to the documents of 
proof and the certificates of labor, they will continue to be legalized by the 
commissioner of the place of delivery, and they will he presented to the func- 
tionaiy who receives the request for the lioret aud who gives the certificate. 
3. — Registration at the phepkcture of i.ivrets obtafnbd in the 
dkpartme.\ts. 



Article 2 of the decree enacts that there will be kept in ei 
the prefecture of police for the department of the Seine) a register on which 
will be recorded at the time of their delivery the livrets and visas of travelling. 
This is a measni-e which interests the good direction of the service ; but it would 
remain ineffectual in a centi-e like Paris if it limited itself to the recording of 
livrets obtained at the prefecture of police; also by the terms of a very old pro- 
vision, reproduced in article 6 of my ordinance, the livrets delivered in the prov- 
inces must be equally registered at my office before they can be made use of in 
the province of the prefecture of police. This formality is shown by a special 
visa. I recommend you to see carefully to its execution. 

4. — Use and visa of the livrets. 

The new regulation makes no change in the jurisprudence followed at Paris 
as to the use and visa of the livrets. You will have therefore merely to follow 
in this respect the established traditions which ai'e specially mentioned in articles 
6, 7, and 8 of my ordinance. 

Thus the workman cannot he admitted into an establishment except on the 
presentation of a lioret. He cannot have this establishment except after having 
obtained a regular dismissal, and he must within the twenty four hours of his 
leaving submit this dismissal to your visa. It is only t^fter this formality that 
he can be received by a new employer vmder penalty of prosecution of the latter, 
Kpcepr in the case that will be mentioned hereafier, of Jiome workmen. On his 
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part, iliA employer cannot receive a workman •unless as the latter is furwisTied 
with a licret in proper condition. He vises this livret at the entry of the man, 
records it on his register, and Bubmits it withia the twenty-four houra to your 
own visa. 

After such visa given by you, you aie to address to mo an ah-itraet io the 
form of a printed bulletin, of which you will continue to demand fi om my office 
the blanks which you may require. The sending of this bulletin, neglected of 
late, must be recommenced. I attach a real importance to it. I shall take 
care that this measure be strictly executed, and I connt on all your vigilance in 
this respect. 

you will notice thai the bulletin of which we speak shoi(l.d relate the advances 
with which the livret may he charged. Please recommend this detail to the 
mployers. 

OF WORKMEN SUBJECT TO THE 



I come now to one of the most important provisions of the law, and one at 
which it is .the more necessary to stop, as it is new and of a complex application. 

Hitherto the majority of artisans workin- ', at home and known under the namo 
of home workmen, (ouvrters en ckamhre,) bave remained without the use of the 
livret. This waa a deficiency to be £11^3, up ; but there arose diificulties of 
which the former laws failed of the so* .|^on. Of the home workmen, there 
is no hesitation as to those working for a single establishment, to which they 
are really attached. They should oe subject to the livret. But others, work- 
ing simiJtaneousty for several emjdoyers — how can the ordinary obligations 
which the use of the livret entails be reconciled with such a situation t The 
legislature of 1854 has not allowed itself to be hindered by this objection. It 
has considered that the benefit of the livret consisted before all in its very ex- 
istence. Consequently, it has prescribed the employment of it indiscriminately 
for all workmen, dispensing, in favor of those working for several masters, with 
formalities incompatible with their position. The law distinguishes, therefore, 
two classes of workmen subject to the use of the livret, but with difi'erent obli- 
gations : 

1. Those attached to a single establishment and employed only hj it, whether 
they work in this establishment itself or outside, 

2. Those working habitually for several establishments and employable by 
more than one master at the same time. 

The first can only be admitted into a new establishment on proving th-eir 
inlegrit}! by a dismissal or certificate of departure from, their jn-emous employer ; 
the others are relieved of this formality, and obliged simply to have their livret 
vis^d at the commencement by each employer who hires them^w- the first time. 
You will find these distinctions clearly defined in acts 7 and 9 of the decree of 
tfce 30th April. 

By the terms of the second paragraph of the first article of the same decree, 
the livret must state to which category the workman belongs. Again, article 9 
obliges the chief of the establishment who receives a workman to mention, as 
well on his register as on the livret of the said workman, in what capacity he 
employs him. 

Thus the character or category of the workman is determined by the visa of 
entry which the employer of the two categories is obliged to enter on the livret 
at the time that he employs this workman ; and since the obligations, and rights 
of the workman and employer vary according to the category to which the 
former belongs, it is of the last importance to observe in the visas the funda- 
mental distinction which has just been indicated. 

To render .this distinction more apparent, I have ordered forms of visas which 
I invite youtohave adopted by thechiefs of establishments. Theyare as follows: 



.y Google 



PAEIS UNIVERSAL EXPOSITION. i)l 

1. — Visa of entry for the workman of tlie first category. 
"Admitted by me as workman attacted to a single establiahmont. 

Paris, tlie , 18—." 

{BignaVare and residence of employer.) 

2. — Visa of entry for the workman of the second category. 



"Employed by me as workman working habitually for several ei 

Paris, tbe , 18—." 

{^Signature and residence of emfloyer.) 

3. — For the dismissals or certificates of departure. 

"Discbarged, free of obligations, the . 

Paris, the , 18 — ." 

(Signature and residence of em.ployer.') 

Ton have already nnderatood, gentlemen, that that which I have now said of 
the indication in the visaa of the category to which the workman belongs, applies 
to the certificate which you have to deliver for the procuring of a livret. 

Pioally, it is evident that the wti.kman of one category can paas into the 
other with the same livret. This change is shown in full force by the visa of 
entry. But here there is a remark t^ ".ake : if the workman pass from the first 
category into the second, he must in t. first place prove the accomplishment of 
his engagements towards his last master, while he ia held to no proof in order 
to pass from the second category to the first. 

6. — Eegister to be kept by thb chiefs of establishments. 



The law of the 22d of June contains still another innovation of whi'h you 
will easily understand the importance ; it prescribes to tbe ch efs of e tabl ah 
menta the keeping of a special register, in which he shall enter the name and 
position or each workman whom he employs. Conformably to art cle e ght of 
the imperial decree, and of the delegation contained ia article ten ot my o d 
nance, this register will be numbered and countersigned by you b t yon will 
address tomeforeach countersigned register abuUetin, bearing an ah t act of j on 
minutes ; printed copies of these bulletins will also be supplied to you from my 
prefectcre. 

Tou will open with each of your commissariates a register, in which you will 
enter the chiefs of establishments whose private registers you have countersigned. 

These latter registers are not subject to any periodical visa; still they will be 
communicated to you upon requisition, without being remoyod from the estab- 
lishments themaelves. It has appeared to the conucil of state that this pro- 
■vision will sufficiently facilitate the exercise of your superviaion. 

7. — Penal sakction — execution of the law. 

Having fixed all the points of this important regulation, the legislature has 
wished to inaure the execution of its work by attaching a penal sanction. The 
penalties which it has ordered are moderate, in view of tbe nature of the things, 
but sufficient in the bands of a vigilant adminiatration. Henceforth, every in- 
fraction, either of the law itself or of the legal regulations on the matter, will 
constitvie a punishable offence. Thus a deficiency ia filled up which compro- 
mised seriously tbe preceding legislation. 

I have only, gentlemen, to appeal to your zeal and experience to insure 
tlie reorganization and regularity of a service which I consider among the 
moat important. I have reaaon to believe that, by means of the influence 
which the confidence of your people gives you, you will succeed in general in 
the usual way in obviating ofiences and prosecutions. It is my desire ; but 



ijGoogle 



96 PARIS UNIVEBSAL EXPOSITION. 

wlien, thanks to your counsels a,nA your benevolent directions, tlie law sball be 
known, and understood, yon will have to search attentively, and reporl. to me the 
infractions which may be committed against these wise provisions. The multi- 
plicity of our relations with the industrial popalation, the keeping of the register 
of the employers, the visa of the Tivrcts, their ueage as papers of surety, will be 
to you so many opportunities and means to exercise a control, whicJi onght not 
to permit any violation, if it ia done with the perseverance which I expect 
from you. 

After having excited your zeal and yonr ordinary dev t n I con 1 de g n 
tlemen, by making an appeal to your prudence. You ha t mak th appl 
cation of delicate measures ; some of them excite suscept b 1 wh h t s 

necessary to allay or avoid ; others are new, and will p m t p ally at 
first, a wise reserve ; all require tact and moderation. 1 h p 1 at unde 
these circumstances you will know as Bsaal how to ally j t a a u 

prudence to firmness, and that you will contribute pow f llj t a the 

SDccess of a regulation which ought to be a new title for tii g nm nt f the 
Emperor to the recognition of the country. 

I beg you to acknowledge the receipt of this circular. 

Eeceive, a:entlem«n, the assurance of my perfect consideration. 

PIETEI, 
The Prefect of Police. 

By the Prefect : 

A. Df. LAULXURES, 

Tke Secrelary Genm-al. 



- APPENDIX H.* 
POOR RATES AND PAUPERISM. 
Retarn (in part) to an order of the honorable the House of Commons, dated 
0th July, 1867, for return of " Comparative statement of the number of pau- 
pers of all classes (except Innatic paupers in asylums and vagrants) in receipt 
of relief on the last day of each week in the months of April, May, June, July, 
August, September, October, November, and December, 1866 and 1867, respect- 
ively; also for the months of January, February, and March, 1867 and 1868, 
respectively ;" " statement of the number of paupers, distinguishing the num- 
ber of adtdt able-bodied paupers relieved on the 1st day of July, 1867 ;" " simi- 
lar statement for the lat day of January, 1868 ;" " statement of the amount 
expended for in-mainteuance and out-relief only, for the half year ended at 
Michaelmas, 1867 ;" " similar statement for the half year ended at Lady day, 
1868 ;" " statement of the amount of poor-rates levied and expended during the 
year ended at Lady day, 1867 ;" " and of the number of insane paupers charge- 
able to the poor-rates on the 1st day of January, 18B8." 

FEEDEKICK PUKDY, 
Principal of tke Statistical Department, 
Poor-law Board, 

Whitehall, July 9, 1867. 

Quarterly Uatemmt as to pauperism, Michaelmas, 1SG7. 

(Paupers in lunatic asjluma and vagrants not inelnded.) 

The prei^ent return completes the monthly aeries for the quarter ended at 

Michaelmas, 1867. The four following tables are givea in continuation of those 

prefixed to the monthly publication foi' June last. 

•Appendix G omitted. 



ijGoogle 



PARIS UNIVERSAL EXPOSITION. 



97 






1 tlie eonsccutive weeks of the 



The tables are — 

1. England and Wales 
quai'ter. 

2. (Eaglaud and Wales ;) the comparative pauperism of the quarter. 

3. Kortb Midland, Nortli we stern, and York divisions ; the comparative pau- 
perism of tlie quarter. 

4. The Metropolis ; the comparative pauperism of the quarter. 

I. In the first table eacli week is compared with the one immediately pre- 
cedinf; it; 884,829 were the numbers relieved in the laat week of June (m d- 
Bummer;) but in the fourth week of September (Michaelmas) the numbers were 
872,620, which is a decrease of 13,209, or 1,4 per cent, leas at Michaelmas than 



Table I. — England and Wahs — Consecutioe statement. 



Tbird week 
Ponttli week 
Iflfth1^eek 



''econd week 
Tliird week 
1; ourth week 

September 

feecond week 
Third week 



Number of pau- 
pers ou the last 
day of each 



Increase. Decrease. 



11, The next table exhibits the comparative pauperism during the Michael- 
mas quarter of 1865, 1866, and 1867. 

The paupers in receipt of relief on the last day of tho last week of Ssptember 

In 1865 ; 835, 005 

In 1866 842, 860 

in 1867... 872,620 

The paupers in 1867, as compared with those in 1860, have increased 911,760, 
or 3.5 per cent; but compared with 1865 the increase was 37,615, or 4.5 per 

7 P E 
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Tablk II. — England and Wahs— Comparative statement. 





Pauppra in receipt of relief on 


Diiference per cent ia Ihe nnmbers ia 
two precedlne yoHra. 




... 


„ 


1807. 


1,361 yoRrbnt 01.0. 


L^tyoar. 


Jiie: 


853,073 

841 uCT 
837 991 

836^80 

933 M2 

833, -^3 

8SB,705 
83S005 


835,507 
840,834 

Si 


876[ IWO 
877,531 

S;S 

874:311 

871! 573 

869, M7 
869,893 
87^630 


7w... 


^=— 


'— 


"■"-■ 


^Fi».wk 


3,9 
4.3 

4!5 

4! 4 
4.5 




i\ 

4.3 

3.3 
3.3 

3.5 




Sewndweek 

Fourth week 
Fifaweek 

T""rv 

Second week 

Fon Ik'^eek 

Septeiubor 
First week 

Foaohncek 























































III The thud table comprises the three divisions of Englaud aud Wales, in 
wiiich the pnncipal miunfietures are earned 011. Taking tlie returns of paupers 
i'elieyed on the last day of the last week of Septembev the numbers were — ■ 

In 1865 206, 076 

Ini866 196,747 

Inl867 202,853 

The increase in 1867, compared with 1866, was 6,106. or 3.1 per cent., but 
in comparison with 1865 there was a decrease of 3,323, or 1.6 per oent. 
Table III. — North Midland, Northwestern, and, York divisions — Compara- 
tive statement. 





-==. 


day o/each week. 


Dlfffrenc. 


ceding years. 




,„ 


1866, 


,„. 


1... ,..«».. 


"•\ir 


June : 


217. S76 
In; 013 

2C8;517 
207,346 

SK,954 

ii 


(6) 
198,360 

19^ m 
195.872 

lea^sos 

19*: 407 
195,989 

ii 


aoG, 084 
S04,569 

Si 

303, Oil 
902,701 

aos,o9i 
eoi,956 

SOI 555 
303,498 
303,583 


'-"-■ 


D^cre^^ 


'•'-■ 


~— 


•^"FTmweek 




4.3 


3.8 


























■^Xuveek 
























Kndwwk."!:;:!:::!:'.:'.: 

Third week 

Ponrthweek 
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IV. Accordiug to the laat returns for tlie month of Sep [ember in the three 
years last past, the number in the metropolis was — 

Inl865-. .■ 91,022 

In 1866 105,827 

111 1867 , 117,849 

In 1867 the iaerease in the paupera, aa compared with those in 1866, was 
1S,022, or 11.4 per cent.; a,ndoa a eompariaon with 1865, there was aa increase 
of 26,827, or 29,5 per cent. 

Table IY. — The metropolis — Comparative statement. 





1= 


a receipt of rdief on 
day of BMh week. 


Dlfpjrence per cent, in the number in 
colnmn (n) eompai-ea wifli each gf the 




1805. 


„ 


.«. 


Last year bni oue. 


.-„.,. 


„.., 


90,7S2 

gg 

00,109 
90,318 
90,S3S 

90,686 
91,190 

B0is63 

i:S 

91,023 


99, BOB 

ss 
lii 

105,197 
106>3 
106,664 

lofi'ma 

106;e27 


ivi.m 

118,306 
118>9 
U8,04G 

118,347 

116,983 
117,349 


'•— 


'—■ 


'—■ 


""- 


'"Ki,... 


sois 

30.5 
28.5 




19.6 




























A.„.., ■ 
























Septeniter : 






































Frindp 


loflh^Sa 


tistiail Dl 


ankijii. 



MEMORANDUM. 



As to the arrangement of the u 



y returns of fauferisn 



The returns of the number of paupers relieved on the last day of each week 
do not include the "Innatie paupers in asylums and licensed houses;" nor the 
number of vagrants relieved. These classes form only a small portion of the 
entire pauperism of the country. According to the latest returns, (January 1, 
1866,) the number contained in the two classes was 3,0 per cent, of the total 
pauperism. 

The pauper lunatics in asylnma are not generally subject to variations in^ 
number, to the same degree, as the other classes of paupers; and the number- 
of vagrants relieved by the unions throughaat the country has become too small 
to need a return so frequently as once a week. These considerations led to the 
exclusion of the two classes. 

There are at present 14,886* parishes, inclusive of the Scilly islands, in Eng- 

' Many places, not heretofove liable to maintam their own poor, are beeoining parishes 
under the operation of the extra parochial places act ; to what extent thin will ultimatoly- 
increase the number of parishes in Enghind and Wales caoQut at present be atatetl. 
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APPENDIX I. 



KPUCATION. 



Returns for the years 1S59-'6G of— 

1. The number of grants made io each year for building, enlarging, or improv 
ing elementary day schools in England i d Wal a Scotland, and in Great 
Britain, with the total amount of auch g an • 

2. The number of schools inappc d d s ng si g chools from departments 
of schools. 

3. The average number of ael ola s atte d ng tho scl ools inspected and the 
number of scholars present on he day of napect 

4. Tho number of certificated tea 1 e s act ng n the schools inspected. 



Presented to loth houses of P I i 



nlofher Majesty. 











I 


— BNaLAKD AND 


WALES. 








..™™^3UtI>. 


Yoa.-s ending SlatAuguM. 




'£S 


» „ 


ki 




1 

i 










Hi 

■s.S 








aao. 

53" 
526 

CSto 








r, ~ ill 


18« 
18«t 




431 
381 


34 as 

25 389 
23 ,oO 


Ji 






d 




.?!riJ:gi 

879 88' StoS 

aa 7,875 



"1 






















1860.. 


m 


5 
















ilsii 


1863.. 


a 


5 


SO 














t£ 






















me.. 


■ 10 




07 


aej 













. OKE Bit T 1 



IH'iO 


117 


134 199 6 6 


fti™ 




"^ 


Tllf 






801,401 


880 131 


6,333 




























1861 




99 




7 5^ 


ii'f.^ 


^r. 


I'm? 


t^^J 


}H'^ 


Biim 




8,899 














































































im 


- ^^ 


34,832 3 11 


8,753 


2,3aj 


I,9lf7 


i,,bi 


6,08013,130 
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